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A.3 / A.4 Project Organization and Distribution List

The individuals participating in the project and their specific roles and responsibilities are 
shown below. These individuals will receive copies of the approved Project Plan and
subsequent revisions:

Table A.1:  Roles & Responsibilities/Distribution List

Individual(s) Assigned: Responsible for: Authorized to:

Carl Wills
US EPA, Region 6
214-665-7276

Lead Inspector / Project 
Manager

Project Decisions, Lead and Assist 
Team Member(s), Collect and Assess
Data

Chris Lister
US EPA, Region 6
214-665-6672 Inspection/Sampling 

Team Member(s) Inspect / Sample / Collect Data 
Jeanne Eckhart
US EPA, Region 6
214-665-8174

A.5 Problem Definition and Background
Issue to be addressed:
This Project Plan will address in-stream monitoring along the tributary of North Bird Creek, 
North Bird Creek, and Bird Creek, which are current areas of concern related to previous 
inspections conducted by US EPA Region 6 Water Enforcement. The monitoring will 
assess water quality parameters associated with produced water from oil and gas 
operations that has been identified in the tributary. This water quality data will be used to 
further investigate, provide baseline monitoring, and provide monitoring over short 
increments of time to further enhance the ongoing investigation in the area. 

Historical & background information:

A tributary of North Bird Creek and downstream areas, north of Pawhuska, Oklahoma in 
Osage County are the areas of concern for the ongoing EPA investigation. Pollutants in 
the tributary were identified in August 2016 and subsequent EPA Region 6 Water 
Enforcement inspections. The pollutants identified in the tributary during grab sampling 
and field parameters have shown elevated levels of salinity, total dissolved solids (TDS),
and temperature. The produced water, or brine, grab samples, field samples, and EPA 
inspections have identified that the wastewater is consistent with produced brine related 
to oil and gas production. There are several operators in the nearby area involved with oil
and gas production, injection of produced water and other associated oil and gas 
activities. EPA continues to work with these operators, the tribal partners, other agencies, 
and state partners throughout the investigation. The US EPA has primacy over the
Underground Injection Control (UIC) program in Osage County, Oklahoma within the Safe 
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Drinking Water Act (SDWA) and also regulates oil and gas related activities that affect
surface waters identified as waters of the U.S. through the Clean Water Act (CWA).

A.6 Project/Task Description

The in-stream sampling will be continuous after initial deployment and data will be 
collected from the in stream instruments intermittently, as deemed necessary with funding 
and for the investigation. The sampling equipment will be deployed between May 22 –
and May 25, 2017. The continuous monitors will be placed at the bottom of the water 
column and at higher depths, if deemed necessary. The team will deploy equipment to 
collect conductivity and temperature data every 15 minutes for the needed period of time
during the investigation. Monitoring data will be verified by the team the following week to 
verify the monitors are recording accurately. The team members will calibrate the 
equipment as needed, will deploy and secure the continuous monitoring equipment, and 
will download and collect the data throughout the investigation. During the inspection, 
grab samples with field equipment will be collected by the team to document current field 
conditions, including pH, conductivity, temperature, salinity, and TDS. The equipment 
used for each measurement will be documented accordingly in the field notes and 
calibration information related to each piece of equipment will also be noted within the 
field notes used during the initial deployment of the water quality in-stream monitoring. 
This information will also be reflected in the final report prepared after the investigation is 
complete.

For sampling locations, please see the attached maps in Appendix A, Proposed In-stream 
Sampler Locations, which show the different areas where two different types of samplers 
can be deployed. Please see Appendix B for the associated Table 1: Proposed In-Stream 
Sampling Locations in the Tributary of North Bird Creek Area of Concern.

For calibration information related to each water quality monitoring probe, please see the 
associated calibration books, which are held by the Lead Inspector. Calibration 
information will also be reflected in the field notes. 

This Project Plan has been prepared to:
Supplement the investigation being conducted by EPA Region 6 to identify the in-stream 
water quality conditions of the areas of concern over time.

The work to be performed includes:

1) SDWA inspection and CWA inspection of areas of concern, as needed for the 
ongoing investigation. 

2) Deployment of in-stream and continuous water quality sampling equipment.
3) Verification of functioning in-stream monitoring equipment to provide data over the 

investigation time period. 

List samples/measurements to be collected/made and data to be obtained:
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The data to be obtained from the in-stream monitoring equipment after deployment will 
be provided by two probe types and will include: 

1) YSI 6920 Data Sonde (Range of conductivity measurements: 0 to 100,000 uS/cm) 
a. Conductivity 
b. Temperature
c. Relative depth

Other associated equipment with the YSI 6920 Data Sonde includes the YSI Handheld 
Controller. 

2) HOBO Data Logger (Range of conductivity measurements: 0 to 10,000 uS/cm)
a. Conductivity 
b. Temperature

Other associated equipment with the HOBO Data Logger includes the HOBO Shuttle, 
HOBO Coupler 2-C, and the HOBO Protective Rubber Caps. Appendix C shows an 
inventory of the in-stream monitoring equipment utilized for this project. 

Also, during initial deployment of the in-stream monitoring additional field parameters will 
be collected including data taken from a YSI 30 Pro conductivity meter and a pH meter. 
The data collected to gather information about the current tributary conditions include: 
conductivity, temperature, TDS, salinity, and pH. 

Special personnel or equipment requirements:

In-stream monitoring will be set up by EPA personnel. Observations will be recorded by 
EPA personnel. All field sampling will be conducted by EPA personnel in level C or D 
protection, based on current field conditions. 

Please see Appendix D for approved Health and Safety Plan (HASP) related to the in-
stream monitoring for the EPA team members.

Proposed work schedule (dates and time of sample collection):
EPA personnel will have an approved travel authorization with the appropriate work 
schedule reflected through that authorization. 

Products to be produced:
As a part of the on-going investigation a report and/or summary of this monitoring will be 
provided as needed and at the conclusion of the investigation. 

A.7 Quality Objectives & Criteria
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This inspection will be conducted under the authority of Section 308 of the Clean Water 
Act, and in accordance to 40 CFR 136 40 CFR Part 136 - Guidelines Establishing Test 
Procedures for the Analysis of Pollutants.

To support this requirement, EPA has developed a systematic planning process based 
on a graded approach for environmental decision making called the Data Quality 
Objectives (DQO) Process. The DQO Process is the Agency’s preferred planning process 
and provides quality objectives and performance criteria based on the user’s 
determination of tolerable error in the results. For details on the DQO Process and 
guidance on how and when it may be used, see the “Guidance on Systematic
Planning Using the Data Quality Objectives Process (EPA QA/G-4) (EPA, February 
2006).” This process has limited applicability to most enforcement inspection activities, 
since generally only Special Projects lend themselves to development of formal DQOs 
and defining of error limits, hypothesis testing, etc.
All data collected shall be in accordance with the appropriate EPA methodologies and 
protocols found in the appropriate regulatory guidance. The data shall be used to 
determine the following:

The in-stream water quality over time as a part of an ongoing investigation in the 
area of concern. 

The data must meet the approved method accuracy requirements such as those found in
EPA's Standard Methods for Examination of Water and Waste Water. All supporting 
QA/QC information shall be provided. The data may be used to support any future 
enforcement actions.

A.8 Special Training/Certification

At a minimum, field personnel have completed the required Health and Safety 24-hour 
initial and 8-hour annual training that is mandatory under OSHA 29 CFR 1910.120(e)(8) 
and EPA Order 3500.1 requirements. Under various programs, this training is mandatory
to maintain inspector credentials. All non-credentialed personnel (e.g. inspectors in 
training) must meet the 29 CFR 1910.120(e)(8) requirements, and should be in 
accompanied by credentialed personnel while inspecting/sampling at the facility/site.

Additional Special Training:
Training to be assessed by EPA personnel to the project team related to the use of the 
data software for the YSI Data Sondes and the HOBO Data Loggers. The needed 
software to assist in data collection and analyzing data are:

Ecowatch Lite - v1.0.5.15
o https://www.ysi.com/customer-support/software-firmware-downloads
o To analyze data from the YSI 6920 Data Sondes

HOBOware Graphing and Analysis
o http://www.onsetcomp.com/products/software/hoboware
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o To collect data from the HOBO Data Loggers
HOBOware Pro Graphing and Analysis 

o http://www.onsetcomp.com/products/software/hoboware
o To further analyze data from the HOBO Data Loggers

A.9 Documents and Records

The records for this project will include miscellaneous correspondence, field notes, photo 
logs, and/or inspection reports. Field notes will include observations about facility
conditions at the site(s) where samples are collected. Any noteworthy deviation from the 
procedures specified in the Project Plan will be recorded in the field activity logs.  

The EPA Project Manager will disseminate copies of the Project Plan to the people listed 
in the distribution list once it is approved.  Any revisions to the Project Plan will be 
numbered sequentially.  It will be the responsibility of the EPA Project Manager to ensure 
that each person on the distribution list receives copies of any revisions.

All EPA records and documents from this project will be handled according to the following 
EPA Region 6 Field Activities Quality System Procedures:

Records Management - R6PROC-003
Management of Sampling and Environmental Data - R6PROC-004
Field Documentation - R6PROC-005
Field Equipment Inventory and Management - R6PROC-006
Field Inspections and Investigations - R6PROC-007
Field Activities Report Preparation and Distribution- R6PROC-008
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SECTION B – DATA GENERATION & ACQUISITION

B.1 Process Design 

The in-stream monitoring deployment will provide continuous monitoring of the water 
quality parameters designated in this Project Plan. The continuous monitoring will be in a 
tributary that has a high potential to have flash flooding conditions during rainfall events 
and also low flow during dry events. The in-stream monitors will be continuously 
monitoring in fifteen (15) minute increments. The design of the in-stream monitoring 
equipment will reflect both of these types of flow that can be experienced in the tributary. 

The decision on whether or not to place in-stream monitoring equipment at a particular 
location will be contingent upon the following factors: 

1. Water depth
2. Tributary/creek width
3. Previous investigation monitoring results
4. Proximity to the areas of concern
5. Width of tributary/creek
6. On-site locational conditions
7. Other conditions deemed appropriate to consider by the project team during 

the deployment or subsequent following data collection events of the project
The project team has identified potential sampling locations, which are reflected in 
Appendix A. 

The in-stream monitoring equipment beyond the probes that will be used, include:

o Approximately 1,000 feet of Stainless steel 3/16-inch cable 
o To be used to stabilize the in-stream monitoring probes in the middle of the 

tributary at the location over the investigation period. 
o Flotation devices (at least 6 to 12)

o To assist in floating the HOBO Data Logger probe at a different location in 
the water columns at identified areas where two probes are needed to 
monitor the tributary/creek water column. 

o 5 feet tall T-Posts (at least 30)
o To stabilize the cables over the tributary/creek, which are attached to the 

probe(s) that have a cable line that drops into the tributary/creek
o T-Post Driver

o To place the t-posts in the appropriate and stable location 
o Sleeves/Clamps (aluminum and stainless steel)

o To clamp the cable to the t-posts and assist with stabilize the probes
o Tipping Bucket

o To assess rainfall events at the site and provide appropriate weather related 
information that could affect the data analysis. 
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The data will be collected in 15 minute increments and analyzed using the appropriate 
software. The analysis will be provided as deemed appropriate in a final report/summary 
as a part of the investigation report. 

Sampling network design & rationale for design:
The actual locations of monitoring equipment will be determined after the stream has 
been assessed by the survey that will be conducted by the project team See Appendix A, 
which has maps that show the proposed locations for monitoring equipment prior to the 
stream survey conducted on May 22 and 23, 2017. Background sample locations will also 
be collected for quality assurance and investigation purposes. The water quality 
information is helpful in evaluating conditions and giving aid to determine future 
investigation needs.

B.2 Sampling Methods

Identify sample collection procedures:
In stream sampling will be conducted after the appropriate calibration of the equipment 
has been done and the calibration of that equipment meets the accepted requirements to 
verify accuracy of the equipment. 

Identify sampling methods and equipment:
Sampling methods:
EPA personnel will follow the appropriate water quality methods related to field 
parameters during the field sampling events. 
Sampling equipment available during the inspection/sampling event:
The sampling equipment can be seen in Appendix C.
Implementation requirements:
Will be based on based on the field team’s field observations, field conditions, and on-
site operations, as needed.
Decontamination procedures:
Wet decontamination procedure can be found at http://www.epa.gov/quality/field-
equipment-cleaning-and-decontamination.

Specific performance requirements for the sampling methods:
Detection limits will be assessed to address the concerns of the in-stream sampling, 
including usage for livestock, natural wildlife, and other concerns within the 
investigation, as needed. Reporting limits are not applicable at this time. 

If a failure in the sampling or measurement system occurs, the Lead Inspector/Project 
Manager must be notified. The Lead Inspector/Project Manager will be responsible for 
any decision concerning corrective action.  Corrective action in the field will be 
documented in the field notes based on the action(s) required. 
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B.3 Data Collection

The data collected will be assessed and downloaded appropriately, as required within 
each probe’s operations manual. The data will be assessed and compared with rainfall 
events during the analysis process. 

B.4 Analytical Methods

Analytical methods:
The data analysis will be conducted with the appropriate software and procedures related 
to the data analysis will be outlined in the final report and/or summary. The data obtained 
will be compared with rainfall events in the area over the period of time being analyzed. 
Other factors will be assessed and identified during data analysis as needed, for the 
ongoing investigation. 

Identify procedures to follow when failures occur:
If failure(s) occurs during the analysis, the Project Team members will contact the Lead 
Inspector/Project Manager, and communicate the failure and identify potential corrective 
remedies.  The Lead Inspector/Project Manager will make the determination on the 
remedy. The failure(s) and corrective remedies will be documented via email 
appropriately.

Identify individuals responsible for corrective action and appropriate documentation:
The project team will be responsible for documentation of data analysis and all 
subsequent actions related to the data collection and analysis.

B.5 Quality Control
Quality control will be assessed during the continuous in stream monitoring by providing 
upstream measurements from the affected tributary. These measurements will assist in 
providing background measurements from an unaffected portion of the tributary to 
compare to the data being collected in the affected portion of the tributary of concern.

B.6 Instrument/Equipment Testing, Inspection, and Maintenance

EPA field personnel will use the calibration methods for the equipment as appropriate 
based on the project-specific field parameter needs and/or Health and Safety conditions. 
Along with data collection, measurements from this instrument may be used to alert field 
personnel to potential hazardous conditions. In addition, readings collected by the 
instrument may be documented in the field logbook and included in the final inspection 
report. The instrument will be maintained in accordance with the manufacturer’s 
recommendations detailed in the instrument manual.
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B.7 Instrument/Equipment Calibration and Frequency

Please see Appendix C for a full list of in-stream sampling equipment to be utilized for 
this project. 

The equipment calibration will be conducted using certified equipment and standards with 
known valid relationships to recognized performance standards and in accordance with 
the procedures listed in the instruction manual for each type of equipment being used to 
assist in data analysis. The calibration will be recorded in each calibration notebook 
associated with the equipment, and a copy will be provided in the final report/summary at 
the completion of the ongoing investigation. The calibrations will be done prior to 
equipment deployment and also throughout data collection over the time periods of the 
investigation, as deemed appropriate by the project team. Should the equipment fail the 
calibration, the equipment will be recalibrated and tested again, and this will be 
documented appropriately, if needed. 

EPA field personnel shall record field usage in the maintenance and calibration logbook 
that is maintained with the equipment along with the project field notes.

B.8 Inspection/Acceptance of Supplies & Consumables

The EPA Project Team will be responsible for equipment inventory, assessment of 
equipment functionality, and equipment conditions prior to the equipment deployment and 
after the equipment has been collected at the end of the project. 

B.9 Data Acquisition Requirements for Non-Direct Measurements

Records gathered during field operations may be collected during the inspection event to 
document activities at the areas of concern. Documents may be requested for a period of 
up to five (5) years prior to the project event. These records will be used in the ongoing 
investigation at the area of concern.

B.10 Data Management

Data for this project will be produced both onsite and at EPA Region 6 during the analysis 
of the data. Data collected during the inspection may be designated as Confidential 
Business Information (CBI) by representatives of operating companies in the area of 
concern. For any information for which a CBI claim is made that information will be 
handled in accordance with the provisions specified the EPA Project Team. All records 
and documents generated during this project will be handled in accordance with EPA’s 
“Standard Operating Procedures for Record and Information Management”
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SECTION C – ASSESSMENT AND OVERSIGHT

C.1 Assessments and Response Actions

Documentation and analytical results collected during this project will be evaluated to 
determine the compliance status as it applies to the ongoing investigation requirements 
under the SDWA. Results of this evaluation will determine what action, if any, the Agency 
should take in response to any Areas of Concern identified during the inspection. The 
magnitude and breadth of any concerns identified will determine the appropriate response 
on the part of the Agency, which includes but is not limited to the issuance of 
administrative orders, administrative penalty orders, or judicial referral.

C.2 Reports to Management

This project will result in the generation of a final report or summary, which will include an 
inspection narrative, a photographic log, documents collected during the inspection, and 
analysis results for data collected over time, if any.
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SECTION D – DATA VALIDATION AND USABILITY

D.1 Data Review, Verification, and Validation

Data will be accepted if they meet the following criteria:
1. Field logs are complete.
2. The project team will assess the QA/QC procedures and outline that assessment 

in the final report/summary provided. Any non-conforming data will be addressed, 
if needed.

3. Field data is reviewed to ensure that they are complete; that sample collection 
information is thoroughly documented; and that any deviations from the Project 
Plan are noted.

4. Actual sampling locations are documented in the inspection logbook and with 
maps. Locations were determined using GPS instrumentation, linear 
measurements, and/or photographic references.

Any deviations from the Project Plan are to be reported in the field logs.  The Project 
Team will verify the contents of these logs.  If the data fails to meet the criteria they will 
be flagged as estimated.  Any flagged data will be discussed with management as needed 
to assist with the ongoing investigation. 

D.2 Verification and Validation Methods

Field data will be validated by the Lead Inspector/Project Manager, and any problems 
identified during this project will be documented in the field logs.  The Lead 
Inspector/Project Manager will review and verify field logs and analytical data reports.  
Any problems or deviations identified will be discussed with the project team and the first-
line supervisor to determine corrective action measures. 

D.3 Reconciliation with User Requirements

The data will be kept in the appropriate location as deemed relevant by the Project Team.
The data will be used to support any future enforcement actions or litigation and the 
ongoing investigation.

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    14 of 516



In-Stream Monitoring Project at Tributary of North Bird Creek Area
Version 1

May 23, 2017
Page 15

  

 

 

 

 

 

 

APPENDIX A: In-Stream Sampling Location Maps 

  

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    15 of 516



M
on

ito
rin

g 
Lo

ca
tio

ns
 in

 N
or

th
 B

ird
 C

re
ek

 A
re

a,
 O

sa
ge

 C
ou

nt
y,

 O
kl

ah
om

a

U
S

G
S

 
T

he
 

N
at

io
na

l 
M

ap
: 

N
at

io
na

l 
H

yd
ro

gr
ap

hy
 

D
at

as
et

. 
D

at
a

R
ef

re
sh

ed
 A

pr
il,

 2
01

7.
E

sr
i, 

H
E

R
E

, 
D

eL
or

m
e,

 M
ap

m
yI

nd
ia

, 
©

 O
pe

nS
tr

ee
tM

ap
 c

on
tri

bu
to

rs
,

an
d 

th
e 

G
IS

 u
se

r c
om

m
un

ity
S

ou
rc

e:
 E

sr
i, 

D
ig

ita
lG

lo
be

, G
eo

E
ye

, E
ar

th
st

ar
 G

eo
gr

ap
hi

cs
,

In
-S

tre
am

 W
at

er
 M

on
ito

rin
g 

P
ro

po
se

d 
Lo

ca
tio

ns

Ac
tiv

e 
In

je
ct

io
n 

W
el

ls
 o

f C
on

ce
rn

Pu
bl

ic
 W

at
er

 S
up

pl
y 

(P
W

S)

O
sa

ge
 C

ou
nt

y 
F

au
lt 

Li
ne

s

M
ay

 1
0,

 2
01

7
0

3.
5

7
1.

75
m

i

0
5.

5
11

2.
75

km

1:
14

4,
44

8

E
ar

th
st

ar
 G

eo
gr

ap
hi

cs
, C

N
E

S
/A

irb
us

 D
S

 | 
E

sr
i, 

H
E

R
E

, G
ar

m
in

 | 
U

S
G

S
 T

he
 N

at
io

na
l M

ap
: N

at
io

na
l H

yd
ro

gr
ap

hy
 D

at
as

et
. D

at
a 

R
ef

re
sh

ed
 A

pr
il,

 2
01

7.
Je

an
ne

 E
ck

ha
rt

1 
of

 9

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    16 of 516



M
on

ito
rin

g 
Lo

ca
tio

ns
 in

 N
or

th
 B

ird
 C

re
ek

 A
re

a,
 O

sa
ge

 C
ou

nt
y,

 O
kl

ah
om

a

U
S

G
S

 
T

he
 

N
at

io
na

l 
M

ap
: 

N
at

io
na

l 
H

yd
ro

gr
ap

hy
 

D
at

as
et

. 
D

at
a

R
ef

re
sh

ed
 A

pr
il,

 2
01

7.
E

sr
i, 

H
E

R
E

, 
D

eL
or

m
e,

 M
ap

m
yI

nd
ia

, 
©

 O
pe

nS
tr

ee
tM

ap
 c

on
tri

bu
to

rs
,

an
d 

th
e 

G
IS

 u
se

r c
om

m
un

ity
S

ou
rc

e:
 E

sr
i, 

D
ig

ita
lG

lo
be

, G
eo

E
ye

, E
ar

th
st

ar
 G

eo
gr

ap
hi

cs
,

In
-S

tre
am

 W
at

er
 M

on
ito

rin
g 

P
ro

po
se

d 
Lo

ca
tio

ns

Ac
tiv

e 
In

je
ct

io
n 

W
el

ls
 o

f C
on

ce
rn

Bi
rd

 C
re

ek
 A

ll 
In

je
ct

io
n 

W
el

ls

Ac
tiv

e

In
ac

tiv
e

Pl
ug

ge
d

Pr
od

uc
tio

n 
W

el
ls

 - 
S

ta
tu

s 
U

nk
no

w
n

O
sa

ge
 C

ou
nt

y 
F

au
lt 

Li
ne

s

M
ay

 1
0,

 2
01

7
0

1.
5

3
0.

75
m

i

0
2.

5
5

1.
25

km

1:
72

,2
24

E
ar

th
st

ar
 G

eo
gr

ap
hi

cs
, C

N
E

S
/A

irb
us

 D
S

 | 
E

sr
i, 

H
E

R
E

, G
ar

m
in

 | 
U

S
G

S
 T

he
 N

at
io

na
l M

ap
: N

at
io

na
l H

yd
ro

gr
ap

hy
 D

at
as

et
. D

at
a 

R
ef

re
sh

ed
 A

pr
il,

 2
01

7.
Je

an
ne

 E
ck

ha
rt

2 
of

 9

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    17 of 516



M
on

ito
rin

g 
Lo

ca
tio

ns
 in

 N
or

th
 B

ird
 C

re
ek

 A
re

a,
 O

sa
ge

 C
ou

nt
y,

 O
kl

ah
om

a

U
S

G
S

 
T

he
 

N
at

io
na

l 
M

ap
: 

N
at

io
na

l 
H

yd
ro

gr
ap

hy
 

D
at

as
et

. 
D

at
a

R
ef

re
sh

ed
 A

pr
il,

 2
01

7.
E

sr
i, 

H
E

R
E

, 
D

eL
or

m
e,

 M
ap

m
yI

nd
ia

, 
©

 O
pe

nS
tr

ee
tM

ap
 c

on
tri

bu
to

rs
,

an
d 

th
e 

G
IS

 u
se

r c
om

m
un

ity
S

ou
rc

e:
 E

sr
i, 

D
ig

ita
lG

lo
be

, G
eo

E
ye

, E
ar

th
st

ar
 G

eo
gr

ap
hi

cs
,

In
-S

tre
am

 W
at

er
 M

on
ito

rin
g 

P
ro

po
se

d 
Lo

ca
tio

ns

Ac
tiv

e 
In

je
ct

io
n 

W
el

ls
 o

f C
on

ce
rn

Bi
rd

 C
re

ek
 A

ll 
In

je
ct

io
n 

W
el

ls

Ac
tiv

e

In
ac

tiv
e

Pl
ug

ge
d

Pr
od

uc
tio

n 
W

el
ls

 - 
S

ta
tu

s 
U

nk
no

w
n

O
sa

ge
 C

ou
nt

y 
F

au
lt 

Li
ne

s

M
ay

 1
0,

 2
01

7
0

0.
9

1.
8

0.
45

m
i

0
1

2
0.

5
km

1:
36

,1
12

U
S

D
A

 F
S

A
, M

ic
ro

so
ft 

| E
sr

i, 
H

E
R

E
, G

ar
m

in
 | 

U
S

G
S

 T
he

 N
at

io
na

l M
ap

: N
at

io
na

l H
yd

ro
gr

ap
hy

 D
at

as
et

. D
at

a 
R

ef
re

sh
ed

 A
pr

il,
 2

01
7.

Je
an

ne
 E

ck
ha

rt

3 
of

 9

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    18 of 516



M
on

ito
rin

g 
Lo

ca
tio

ns
 in

 N
or

th
 B

ird
 C

re
ek

 A
re

a,
 O

sa
ge

 C
ou

nt
y,

 O
kl

ah
om

a

U
S

G
S

 
T

he
 

N
at

io
na

l 
M

ap
: 

N
at

io
na

l 
H

yd
ro

gr
ap

hy
 

D
at

as
et

. 
D

at
a

R
ef

re
sh

ed
 A

pr
il,

 2
01

7.
E

sr
i, 

H
E

R
E

, 
D

eL
or

m
e,

 M
ap

m
yI

nd
ia

, 
©

 O
pe

nS
tr

ee
tM

ap
 c

on
tri

bu
to

rs
,

an
d 

th
e 

G
IS

 u
se

r c
om

m
un

ity
S

ou
rc

e:
 E

sr
i, 

D
ig

ita
lG

lo
be

, G
eo

E
ye

, E
ar

th
st

ar
 G

eo
gr

ap
hi

cs
,

In
-S

tre
am

 W
at

er
 M

on
ito

rin
g 

P
ro

po
se

d 
Lo

ca
tio

ns

Ac
tiv

e 
In

je
ct

io
n 

W
el

ls
 o

f C
on

ce
rn

Bi
rd

 C
re

ek
 A

ll 
In

je
ct

io
n 

W
el

ls

Ac
tiv

e

In
ac

tiv
e

Pr
od

uc
tio

n 
W

el
ls

 - 
S

ta
tu

s 
U

nk
no

w
n

O
sa

ge
 C

ou
nt

y 
F

au
lt 

Li
ne

s

M
ay

 1
0,

 2
01

7
0

0.
45

0.
9

0.
22

5
m

i

0
0.

7
1.

4
0.

35
km

1:
18

,0
56

U
S

D
A

 F
S

A
, M

ic
ro

so
ft 

| E
sr

i, 
H

E
R

E
, G

ar
m

in
, i

P
C

 | 
U

S
G

S
 T

he
 N

at
io

na
l M

ap
: N

at
io

na
l H

yd
ro

gr
ap

hy
 D

at
as

et
. D

at
a 

R
ef

re
sh

ed
 A

pr
il,

 2
01

7.
Je

an
ne

 E
ck

ha
rt

4 
of

 9

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    19 of 516



M
on

ito
rin

g 
Lo

ca
tio

ns
 in

 N
or

th
 B

ird
 C

re
ek

 A
re

a,
 O

sa
ge

 C
ou

nt
y,

 O
kl

ah
om

a

U
S

G
S

 
T

he
 

N
at

io
na

l 
M

ap
: 

N
at

io
na

l 
H

yd
ro

gr
ap

hy
 

D
at

as
et

. 
D

at
a

R
ef

re
sh

ed
 A

pr
il,

 2
01

7.
E

sr
i, 

H
E

R
E

, 
D

eL
or

m
e,

 M
ap

m
yI

nd
ia

, 
©

 O
pe

nS
tr

ee
tM

ap
 c

on
tri

bu
to

rs
,

an
d 

th
e 

G
IS

 u
se

r c
om

m
un

ity
S

ou
rc

e:
 E

sr
i, 

D
ig

ita
lG

lo
be

, G
eo

E
ye

, E
ar

th
st

ar
 G

eo
gr

ap
hi

cs
,

In
-S

tre
am

 W
at

er
 M

on
ito

rin
g 

P
ro

po
se

d 
Lo

ca
tio

ns

Li
ve

st
oc

k 
Us

ag
e 

In
te

rp
re

ta
tio

n 
of

 T
D

S

Av
oi

d 
U

se
 (7

,0
00

 to
 1

0,
00

0 
pp

m
 T

D
S)

U
ns

af
e 

(>
10

,0
00

 p
pm

 T
D

S
)

Pr
od

uc
tio

n 
W

el
ls

 - 
S

ta
tu

s 
U

nk
no

w
n

M
ay

 1
0,

 2
01

7
0

0.
1

0.
2

0.
05

m
i

0
0.

15
0.

3
0.

07
5

km

1:
4,

51
4

U
S

D
A

 F
S

A
, M

ic
ro

so
ft 

| E
sr

i, 
H

E
R

E
, G

ar
m

in
, i

P
C

 | 
U

S
G

S
 T

he
 N

at
io

na
l M

ap
: N

at
io

na
l H

yd
ro

gr
ap

hy
 D

at
as

et
. D

at
a 

R
ef

re
sh

ed
 A

pr
il,

 2
01

7.
Je

an
ne

 E
ck

ha
rt

5 
of

 9

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    20 of 516



M
on

ito
rin

g 
Lo

ca
tio

ns
 in

 N
or

th
 B

ird
 C

re
ek

 A
re

a,
 O

sa
ge

 C
ou

nt
y,

 O
kl

ah
om

a

U
S

G
S

 
T

he
 

N
at

io
na

l 
M

ap
: 

N
at

io
na

l 
H

yd
ro

gr
ap

hy
 

D
at

as
et

. 
D

at
a

R
ef

re
sh

ed
 A

pr
il,

 2
01

7.
E

sr
i, 

H
E

R
E

, 
D

eL
or

m
e,

 M
ap

m
yI

nd
ia

, 
©

 O
pe

nS
tr

ee
tM

ap
 c

on
tri

bu
to

rs
,

an
d 

th
e 

G
IS

 u
se

r c
om

m
un

ity
S

ou
rc

e:
 E

sr
i, 

D
ig

ita
lG

lo
be

, G
eo

E
ye

, E
ar

th
st

ar
 G

eo
gr

ap
hi

cs
,

In
-S

tre
am

 W
at

er
 M

on
ito

rin
g 

P
ro

po
se

d 
Lo

ca
tio

ns

Li
ve

st
oc

k 
Us

ag
e 

In
te

rp
re

ta
tio

n 
of

 T
D

S

Se
m

i-M
ar

gi
na

l (
5,

00
0 

to
 6

,9
99

 p
pm

 T
D

S)

Av
oi

d 
U

se
 (7

,0
00

 to
 1

0,
00

0 
pp

m
 T

D
S)

U
ns

af
e 

(>
10

,0
00

 p
pm

 T
D

S
)

Ac
tiv

e 
In

je
ct

io
n 

W
el

ls
 o

f C
on

ce
rn

Bi
rd

 C
re

ek
 A

ll 
In

je
ct

io
n 

W
el

ls

Ac
tiv

e

Pr
od

uc
tio

n 
W

el
ls

 - 
S

ta
tu

s 
U

nk
no

w
n

O
sa

ge
 C

ou
nt

y 
F

au
lt 

Li
ne

s

M
ay

 1
0,

 2
01

7
0

0.
2

0.
4

0.
1

m
i

0
0.

35
0.

7
0.

17
5

km

1:
9,

02
8

U
S

D
A

 F
S

A
, M

ic
ro

so
ft 

| E
sr

i, 
H

E
R

E
, G

ar
m

in
, i

P
C

 | 
U

S
G

S
 T

he
 N

at
io

na
l M

ap
: N

at
io

na
l H

yd
ro

gr
ap

hy
 D

at
as

et
. D

at
a 

R
ef

re
sh

ed
 A

pr
il,

 2
01

7.
Je

an
ne

 E
ck

ha
rt

6 
of

 9

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    21 of 516



M
on

ito
rin

g 
Lo

ca
tio

ns
 in

 N
or

th
 B

ird
 C

re
ek

 A
re

a,
 O

sa
ge

 C
ou

nt
y,

 O
kl

ah
om

a

U
S

G
S

 
T

he
 

N
at

io
na

l 
M

ap
: 

N
at

io
na

l 
H

yd
ro

gr
ap

hy
 

D
at

as
et

. 
D

at
a

R
ef

re
sh

ed
 A

pr
il,

 2
01

7.
E

sr
i, 

H
E

R
E

, 
D

eL
or

m
e,

 M
ap

m
yI

nd
ia

, 
©

 O
pe

nS
tr

ee
tM

ap
 c

on
tri

bu
to

rs
,

an
d 

th
e 

G
IS

 u
se

r c
om

m
un

ity
S

ou
rc

e:
 E

sr
i, 

D
ig

ita
lG

lo
be

, G
eo

E
ye

, E
ar

th
st

ar
 G

eo
gr

ap
hi

cs
,

In
-S

tre
am

 W
at

er
 M

on
ito

rin
g 

P
ro

po
se

d 
Lo

ca
tio

ns

Li
ve

st
oc

k 
Us

ag
e 

In
te

rp
re

ta
tio

n 
of

 T
D

S

Se
m

i-U
sa

bl
e 

(1
,0

00
 to

 2
,9

99
 p

pm
 T

D
S

)

M
ar

gi
na

l (
3,

00
0 

to
 4

,9
99

 p
pm

 T
D

S
)

Se
m

i-M
ar

gi
na

l (
5,

00
0 

to
 6

,9
99

 p
pm

 T
D

S)

U
ns

af
e 

(>
10

,0
00

 p
pm

 T
D

S
)

Ac
tiv

e 
In

je
ct

io
n 

W
el

ls
 o

f C
on

ce
rn

Bi
rd

 C
re

ek
 A

ll 
In

je
ct

io
n 

W
el

ls

Ac
tiv

e

In
ac

tiv
e

Pr
od

uc
tio

n 
W

el
ls

 - 
S

ta
tu

s 
U

nk
no

w
n

O
sa

ge
 C

ou
nt

y 
F

au
lt 

Li
ne

s

M
ay

 1
0,

 2
01

7
0

0.
2

0.
4

0.
1

m
i

0
0.

35
0.

7
0.

17
5

km

1:
9,

02
8

U
S

D
A

 F
S

A
, M

ic
ro

so
ft 

| E
sr

i, 
H

E
R

E
, G

ar
m

in
, i

P
C

 | 
U

S
G

S
 T

he
 N

at
io

na
l M

ap
: N

at
io

na
l H

yd
ro

gr
ap

hy
 D

at
as

et
. D

at
a 

R
ef

re
sh

ed
 A

pr
il,

 2
01

7.
Je

an
ne

 E
ck

ha
rt

7 
of

 9

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    22 of 516



M
on

ito
rin

g 
Lo

ca
tio

ns
 in

 N
or

th
 B

ird
 C

re
ek

 A
re

a,
 O

sa
ge

 C
ou

nt
y,

 O
kl

ah
om

a

U
S

G
S

 
T

he
 

N
at

io
na

l 
M

ap
: 

N
at

io
na

l 
H

yd
ro

gr
ap

hy
 

D
at

as
et

. 
D

at
a

R
ef

re
sh

ed
 A

pr
il,

 2
01

7.
E

sr
i, 

H
E

R
E

, 
D

eL
or

m
e,

 M
ap

m
yI

nd
ia

, 
©

 O
pe

nS
tr

ee
tM

ap
 c

on
tri

bu
to

rs
,

an
d 

th
e 

G
IS

 u
se

r c
om

m
un

ity
S

ou
rc

e:
 E

sr
i, 

D
ig

ita
lG

lo
be

, G
eo

E
ye

, E
ar

th
st

ar
 G

eo
gr

ap
hi

cs
,

In
-S

tre
am

 W
at

er
 M

on
ito

rin
g 

P
ro

po
se

d 
Lo

ca
tio

ns

Bi
rd

 C
re

ek
 A

ll 
In

je
ct

io
n 

W
el

ls

Ac
tiv

e

Pr
od

uc
tio

n 
W

el
ls

 - 
S

ta
tu

s 
U

nk
no

w
n

O
sa

ge
 C

ou
nt

y 
F

au
lt 

Li
ne

s

M
ay

 1
0,

 2
01

7
0

0.
9

1.
8

0.
45

m
i

0
1

2
0.

5
km

1:
36

,1
12

U
S

D
A

 F
S

A
, M

ic
ro

so
ft 

| E
sr

i, 
H

E
R

E
, G

ar
m

in
 | 

U
S

G
S

 T
he

 N
at

io
na

l M
ap

: N
at

io
na

l H
yd

ro
gr

ap
hy

 D
at

as
et

. D
at

a 
R

ef
re

sh
ed

 A
pr

il,
 2

01
7.

Je
an

ne
 E

ck
ha

rt

8 
of

 9

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    23 of 516



M
on

ito
rin

g 
Lo

ca
tio

ns
 in

 N
or

th
 B

ird
 C

re
ek

 A
re

a,
 O

sa
ge

 C
ou

nt
y,

 O
kl

ah
om

a

U
S

G
S

 
T

he
 

N
at

io
na

l 
M

ap
: 

N
at

io
na

l 
H

yd
ro

gr
ap

hy
 

D
at

as
et

. 
D

at
a

R
ef

re
sh

ed
 A

pr
il,

 2
01

7.
E

sr
i, 

H
E

R
E

, 
D

eL
or

m
e,

 M
ap

m
yI

nd
ia

, 
©

 O
pe

nS
tr

ee
tM

ap
 c

on
tri

bu
to

rs
,

an
d 

th
e 

G
IS

 u
se

r c
om

m
un

ity
S

ou
rc

e:
 E

sr
i, 

D
ig

ita
lG

lo
be

, G
eo

E
ye

, E
ar

th
st

ar
 G

eo
gr

ap
hi

cs
,

In
-S

tre
am

 W
at

er
 M

on
ito

rin
g 

P
ro

po
se

d 
Lo

ca
tio

ns

Pu
bl

ic
 W

at
er

 S
up

pl
y 

(P
W

S)

O
sa

ge
 C

ou
nt

y 
F

au
lt 

Li
ne

s

M
ay

 1
0,

 2
01

7
0

1.
5

3
0.

75
m

i

0
2.

5
5

1.
25

km

1:
72

,2
24

E
ar

th
st

ar
 G

eo
gr

ap
hi

cs
, C

N
E

S
/A

irb
us

 D
S

 | 
E

sr
i, 

H
E

R
E

, G
ar

m
in

 | 
U

S
G

S
 T

he
 N

at
io

na
l M

ap
: N

at
io

na
l H

yd
ro

gr
ap

hy
 D

at
as

et
. D

at
a 

R
ef

re
sh

ed
 A

pr
il,

 2
01

7.
Je

an
ne

 E
ck

ha
rt

9 
of

 9

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    24 of 516



In-Stream Monitoring Project at Tributary of North Bird Creek Area
Version 1

May 23, 2017
Page 25

  

 

 

 

 

 

APPENDIX B: Table 1 – Proposed In-Stream 
Sampling Locations 

  

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    25 of 516



Lo
ca

tio
n 

N
um

be
r 

(fo
r r

ef
er

en
ce

 
pu

rp
os

es
)

Pr
ob

e 
Ty

pe
s N

ee
de

d:
La

tit
ud

e
Lo

ng
itu

de
Lo

ca
tio

na
l C

om
m

en
t

Pr
io

rit
y 

of
 

Lo
ca

tio
n

Co
m

m
en

ts

1
HO

BO
36

.8
32

77
8

-9
6.

49
86

22
U

ps
tr

ea
m

 (B
ac

kg
ro

un
d)

Hi
gh

2
HO

BO
 a

nd
 Y

SI
36

.8
32

13
3

-9
6.

49
85

83
Po

ol
 1

 - 
do

w
ns

tr
ea

m
 o

f c
ul

ve
rt

s
Hi

gh
3

HO
BO

 a
nd

 Y
SI

36
.8

32
10

6
-9

6.
49

95
94

Po
ol

 2
 - 

do
w

ns
tr

ea
m

 o
f c

ul
ve

rt
s

Hi
gh

4
HO

BO
 a

nd
 Y

SI
36

.8
30

39
2

-9
6.

49
91

14
Ap

pr
ox

. 0
.2

 m
ile

s d
ow

ns
tr

ea
m

 o
f P

oo
l 1

M
ed

iu
m

5
HO

BO
 a

nd
 Y

SI
36

.8
27

80
8

-9
6.

50
15

33
Ap

pr
ox

. 1
/2

 m
ile

 d
ow

ns
tr

ea
m

 o
f P

oo
l 1

Hi
gh

6
HO

BO
36

.8
31

11
7

-9
6.

50
73

19
U

ps
tr

ea
m

 2
 (B

ac
kg

ro
un

d)
Hi

gh
7

HO
BO

36
.8

26
88

3
-9

6.
50

38
39

U
ps

tr
ea

m
 3

 (B
ac

kg
ro

un
d)

Lo
w

8
HO

BO
 a

nd
 Y

SI
36

.8
25

06
1

-9
6.

49
96

94
Ap

pr
ox

. 0
.7

 m
ile

s d
ow

ns
tr

ea
m

 o
f P

oo
l 1

Hi
gh

9
HO

BO
36

.8
21

95
1

-9
6.

49
88

98
Ap

pr
ox

. 1
 m

ile
 d

ow
ns

tr
ea

m
 o

f P
oo

l 1
M

ed
iu

m
10

HO
BO

36
.7

99
48

1
-9

6.
45

87
42

Ap
pr

ox
. 4

.7
 m

ile
s d

ow
ns

tr
ea

m
 o

f P
oo

l 1
M

ed
iu

m
Di

ffe
re

nt
 la

nd
ow

ne
r

11
HO

BO
36

.7
60

42
8

-9
6.

41
42

31
Ap

pr
ox

. 1
0.

6 
m

ile
s d

ow
ns

tr
ea

m
 o

f P
oo

l 1
M

ed
iu

m
Di

ffe
re

nt
 la

nd
ow

ne
r

12
HO

BO
36

.6
95

31
1

-9
6.

36
59

47
Ap

pr
ox

. 1
8.

7 
m

ile
s d

ow
ns

tr
ea

m
 o

f P
oo

l 1
Hi

gh
Do

 w
e 

ne
ed

 to
 p

ut
 a

 H
O

BO
 m

on
ito

r h
er

e 
to

o?
 D

iff
er

en
t l

an
do

w
ne

r

**
 A

ll 
m

on
ito

rin
g 

lo
ca

tio
ns

 d
ep

en
de

nt
 o

n 
sit

e 
co

nd
iti

on
s d

ur
in

g 
in

-s
tr

ea
m

 m
on

ito
rin

g 
se

t u
p

Pr
ob

e 
ty

pe
s:

 H
ob

o 
In

st
re

am
 m

on
ito

rin
g 

pr
ob

e 
(t

ak
es

 h
ig

he
r c

on
du

ct
iv

ity
 re

ad
in

gs
) a

nd
 Y

SI
 in

st
re

am
 p

ro
be

 (o
nl

y 
ta

ke
s l

ow
 c

on
du

ct
iv

ity
 re

ad
in

gs
)

In
 S

tr
ea

m
 M

on
ito

rin
g 

Pr
op

os
ed

 L
oc

at
io

ns
(S

E 
11

-R
an

ge
 2

5 
- T

ow
ns

hi
p 

11
) n

ea
r P

aw
hu

sk
a,

 O
sa

ge
 C

ou
nt

y,
 O

kl
ah

om
a

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    26 of 516



In-Stream Monitoring Project at Tributary of North Bird Creek Area
Version 1

May 23, 2017
Page 27

  

 

 

 

 

 

 

APPENDIX C: Equipment Inventory 
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Items # Description EPA Decal # Serial # Acquisition Cost
YSI 6920 Data Sonde 926119 98H1754AA
YSI 6920 Data Sonde 926110 98F0902AB
YSI 6920 Data Sonde 926104 98F0952AA
YSI 6920 Data Sonde 926160 05M1623AC
YSI 6920 Data Sonde 926107 98F0853AC
YSI 6920 Data Sonde 926108 98F0902AC
YSI 6920 Data Sonde 926129 01F0063AA
YSI 6920 Data Sonde 926161 051858AA
YSI 6920 Data Sonde 926154 04J16151AA
YSI 6920 Data Sonde S15750 08J100335

YSI Handheld Controller

HOBO Data Logger 10405474
HOBO Data Logger 10405475
HOBO Data Logger 10212846
HOBO Data Logger 10212844
HOBO Data Logger 10405481
HOBO Data Logger 10212851
HOBO Data Logger 10212869
HOBO Data Logger 10212870
HOBO Data Logger 10212841
HOBO Data Logger 10212848
HOBO Data Logger 10212847
HOBO Data Logger 10212857

HOBO Shuttle 9788856

HOBO Coupler2-C

HOBO Protective Rubber Caps - 12
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APPENDIX D: Approved Health and Safety Plan 
(HASP) 
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SECTION A – PROJECT MANAGEMENT 

A.1 Title of Plan and Approval 
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Quality Assurance Project Plan
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          Date:     
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          Date:     
Chris Lister, Project Team Member, (6EN-WC) 

          Date:     
Esteban Herrera, Section Chief, (6EN-WC) 

          Date:     
Paul James, CAED’s Quality Assurance Officer (6EN-H2) 

CARL WILLS
Digitally signed by CARL WILLS 
DN: c=US, o=U.S. Government, ou=USEPA, ou=Staff, cn=CARL WILLS, 
dnQualifier=0000013910 
Date: 2017.06.23 05:45:26 -05'00'

6/23/16

Jeanne Eckhart
Digitally signed by Jeanne Eckhart 
DN: cn=Jeanne Eckhart, o=EPA, ou=6EN-WR, 
email=eckhart.jeanne@epa.gov, c=US 
Date: 2017.06.23 14:35:24 -05'00'

Lister, Chris
Digitally signed by Lister, Chris 
DN: cn=Lister, Chris, 
email=Lister.Chris@epa.gov 
Date: 2017.06.23 14:39:42 -05'00'

CARL WILLS
Digitally signed by CARL WILLS 
DN: c=US, o=U.S. Government, ou=USEPA, ou=Staff, cn=CARL WILLS, 
dnQualifier=0000013910 
Date: 2017.06.23 18:17:14 -05'00'

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    50 of 516



Stream Sampling of the Tributary of North Bird Creek  
Osage County, Oklahoma 

Version 1 
June 23, 2017 

Page 3 
A.2 Table of Contents
SECTION A – PROJECT MANAGEMENT ..................................................................... 2 

A.1 Title of Plan and Approval ................................................................................... 2 
A.2 Table of Contents ................................................................................................ 3 
A.3 / A.4 Project Organization and Distribution List ................................................... 4 

Table A.1:  Roles & Responsibilities/Distribution List ........................................... 4 

Figure A.1:  Project Organization Chart ................................................................ 5 

A.5 Problem Definition and Background .................................................................... 5 
A.6 Project/Task Description ...................................................................................... 6 
A.7 Quality Objectives & Criteria ................................................................................ 7 
A.8 Special Training/Certification ............................................................................... 8 
A.9 Documents and Records ..................................................................................... 9 

SECTION B – DATA GENERATION & ACQUISITION ................................................ 11 

B.1 Sampling Process Design (Experimental Design) ............................................. 11 
Table B.1 Samples by Matrix .............................................................................. 12 

B.2 Sampling Methods ............................................................................................. 13 
B.3 Sampling Handling & Custody ........................................................................... 14 

Figure B.3. Official Chain of Custody Example ................................................... 15 

B.4 Analytical Methods ............................................................................................ 16 
Table B.4 – Analytical Methods, Preservatives and Containers for Samples ..... 17 

B.5 Quality Control ................................................................................................... 18 
B.6 Instrument/Equipment Testing, Inspection, and Maintenance ........................... 19 
B.7 Instrument/Equipment Calibration and Frequency ............................................. 19 
B.8 Inspection/Acceptance of Supplies & Consumables .......................................... 19 
B.9 Data Acquisition Requirements for Non-Direct Measurements ......................... 20 
B.10 Data Management ........................................................................................... 20 

SECTION C – ASSESSMENT AND OVERSIGHT ....................................................... 21 

C.1 Assessments and Response Actions ................................................................ 21 
C.2 Reports to Management .................................................................................... 21 

SECTION D – DATA VALIDATION AND USABILITY ................................................. 22 

D.1 Data Review, Verification, and Validation .......................................................... 22 
D.2 Verification and Validation Methods .................................................................. 22 
D.3 Reconciliation with User Requirements ............................................................. 23 

APPENDIX A: MONITORING/SAMPLING LOCATION MAP ...................................... 24 

APPENDIX B: TABLE OF MONITORING/SAMPLING LOCATIONS .......................... 26 

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    51 of 516



Stream Sampling of the Tributary of North Bird Creek  
Osage County, Oklahoma 

Version 1 
June 23, 2017 

Page 4 

A.3 / A.4 Project Organization and Distribution List 

The individuals participating in the project and their specific roles and responsibilities are 
shown below. These individuals will receive copies of the approved Quality Assurance 
Project Plan (QAPP) and subsequent revisions: 

Table A.1:  Roles & Responsibilities/Distribution List 

Individual(s) Assigned: Responsible for: Authorized to: 

Carl Wills 
6EN-WC 
214-665-7276 

Lead Inspector / 
Project Manager

Project Decisions, Lead and Assist 
Team Member(s), Collect and Assess 
Data 

Paul James 
6EN-H2 
214-665-6445 

Quality Assurance 
Officer Review and Approve QAPP

Christy Warren 
6MD-HL 
281-983-2137 

Laboratory Point of 
Contact

Lab coordination for scheduling, 
analyses, validation, and deliverables.

Barbara McCray 
OSU-SWFAL 
405-744-6630 

Laboratory Point of 
Contact

Lab coordination for scheduling, 
analyses, validation, and deliverables. 

Carl Wills 
6EN-WC 
214-665-7276 

Inspection/Sampling 
Team Member(s) Inspect / Sample / Collect Data 

Jeanne Eckhart 
6EN-WR 
214-665-8174 
Chris Lister 
6EN-WC 
214-665-6672 
Kent Sanborn 
6EN-WR 
918-557-1615 
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Figure A.1:  Project Organization Chart 

For current 6EN Organization Chart, click on the following link: 
http://region6a.epa.gov/intranet/org/6en.pdf

A.5 Problem Definition and Background 
Problem(s) to be resolved, decision(s) to be made and/or hypothesis to be tested: 
This QAPP will address sample collection of stream samples collected adjacent to 
locations of in-stream monitoring in the tributary of North Bird Creek, North Bird Creek, 
and Bird Creek, which are current areas of concern related to previous inspections 
conducted by US EPA Region 6 Water Enforcement. The sampling will complement the 
current in-stream monitoring which is assessing water quality parameters associated with 
produced water from oil and gas operations adjacent to the tributary. This water quality 
data will be used to further investigate, provide baseline monitoring, and provide 
monitoring over short increments of time to further enhance the ongoing investigation in 
the area.  

Historical & background information: 

A tributary of North Bird Creek and downstream areas, north of Pawhuska, Oklahoma in 
Osage County are the areas of concern for the ongoing EPA investigation. Pollutants in 
the tributary were identified in August 2016 and subsequent EPA Region 6 Water 
Enforcement inspections. The pollutants identified in the tributary during grab sampling 
and field parameters have shown elevated levels of salinity, total dissolved solids (TDS), 
and temperature. Because of aforementioned elevated levels, laboratory conformation 
sampling is being required to determine if there is a possibly of any additional oilfield 
contaminates in the waterway. There are several operators in the nearby area involved 
with oil and gas production, injection of produced water and other associated oil and gas 
activities. EPA continues to work with these operators, the tribal partners, other agencies, 
and state partners throughout the investigation. The US EPA has primacy over the 
Underground Injection Control (UIC) program in Osage County, Oklahoma within the Safe 
Drinking Water Act (SDWA) and also regulates oil and gas related activities that affect 
surface waters identified as waters of the U.S. through the Clean Water Act (CWA). 

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    53 of 516



Stream Sampling of the Tributary of North Bird Creek  
Osage County, Oklahoma 

Version 1 
June 23, 2017 

Page 6 

A.6 Project/Task Description 
Currently, there are ten in-stream monitoring locations and of those eight have two data 
sondes, with one being approximately one-foot below the stream surface and the other 
being placed on the bottom of the stream channel. The in-stream monitoring will be 
continuous after initial deployment and data will be collected from the in-stream 
instruments intermittently, as deemed necessary with funding and for the investigation. 
The monitoring equipment was initially deployed (first six locations) between May 22 –
and May 26, 2017, with the last four locations deployed between May 31 and June 2, 
2017. The team will deploy additional equipment to collect conductivity and temperature 
data every 15 minutes for the needed period of time during the investigation. Monitoring 
data will be verified by the team the following week to verify the monitors are recording 
accurately. The team members will calibrate the equipment as needed, will deploy and 
secure the continuous monitoring equipment, and will download and collect the data 
throughout the investigation. During this investigation, portable water quality probes will 
be utilized to document current stream conditions, including pH, conductivity, 
temperature, salinity, and TDS. The equipment used for each measurement will be 
documented accordingly in the field notes and calibration information related to each 
piece of equipment will also be noted within the field notes used during the initial 
deployment of the water quality in-stream monitoring. This information will also be 
reflected in the final report prepared after the investigation is complete.  To supplement 
the in-stream monitoring data and investigation, water quality samples will be taken to 
have further analyses of the information and to investigate and compare water quality 
samples between the different sampling locations.   
 
For sampling locations, please see the attached maps in Appendix A, Monitor/Sampling 
Location Map, which shows the different locations for water samples to be collected. 
Please see Appendix B for the associated Table 1: Monitoring/Sampling Locations. 

For calibration information related to each water quality monitoring probe, please see the 
associated calibration books, which are held by the Lead Inspector. Calibration 
information will also be reflected in the field notes.  

This QAPP has been prepared to address:  
Supplement the investigation being conducted by EPA Region 6 with the in-stream water 
quality conditions of the area of concern over time by collecting water samples at select 
locations to determine if there are other analytes of concern.

The work to be performed includes:   

1) SDWA inspection and CWA inspection of area of concern, as needed for the 
ongoing investigation.  
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2) Redeployment of in-stream and continuous water quality sampling equipment. 
3) Collection of field data and field observations. 
4) Verification of functioning in-stream monitoring equipment to provide data over the 

investigation time period. 
5) Collection of water samples at select locations to evaluate/analyze any possible 

contaminates that might be present due to adjacent oil and gas activities. 

List samples/measurements to be collected/made and data to be obtained: 
VOA, ABN, TPH, Total Metals, Anions, Experimental (LC/MS/MS) and Irrigation 
parameters will be utilized to evaluate potential impacts and determine whether or not 
the sources of these impacts are from oil and gas operations adjacent to an area of 
North Bird Creek in Osage County, Oklahoma. 

Special personnel or equipment requirements:   
Because the liquid of concern is oilfield brine (denser than fresh water) it will be at the 
bottom of the creek and because of this an intrinsically safe electric submersible pump 
will be utilized to collect those samples from the creek bottom. 

Proposed work schedule (dates and time of sample collection):   
All sampling efforts will be conducted at the beginning of the week.  Due to holding 
times, laboratory sample preparations and shipping concerns, the field team will need to 
ship the samples no later than Wednesday with 24-hour shipping requirements.  If the 
situation arises and sampling occurs on Thursday, the laboratories will need to be 
notified that they will be receiving additional samples on Friday along with the number to 
be received.   

Products to be produced:    
At the conclusion of the investigation, a report will be produced which will include the 
laboratory reports along with the appropriate QA/QC review.  

A.7 Quality Objectives & Criteria  

This inspection will be conducted under the authority of Section 308 of the Clean Water 
Act, and in accordance to 40 CFR 136 40 CFR Part 136 - Guidelines Establishing Test 
Procedures for the Analysis of Pollutants.

To support this requirement, EPA has developed a systematic planning process based 
on a graded approach for environmental decision making called the Data Quality 
Objectives (DQO) Process. The DQO Process is the Agency’s preferred planning 
process and provides quality objectives and performance criteria based on the user’s 
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determination of tolerable error in the results. For details on the DQO Process and 
guidance on how and when it may be used, see the “Guidance on Systematic 
Planning Using the Data Quality Objectives Process (EPA QA/G-4) (EPA, February 
2006).” This process has limited applicability to most enforcement inspection activities, 
since generally only Special Projects lend themselves to development of formal DQOs 
and defining of error limits, hypothesis testing, etc. 
All data collected shall be in accordance with the appropriate EPA methodologies and 
protocols found in the appropriate regulatory guidance. The data shall be used to 
determine the following:  

1.    What is the quality of the stream at this time (tributary of North Bird Creek and 
North Bird Creek)?

2. Where are the identified impacts and is that consistent with the in-stream 
monitoring data?

3. Where is the impact coming from, if possible to identify and which facility is 
similar to that identified water quality?

4. Has there been contamination due to a loss of confinement within the identified 
confining zone of injected fluids in the area, is possible to make that conclusion?

5. The data will be used to assess the future options and to determine the next step 
in the plan of action regarding the Bird Creek area of concern. 

The data must meet the approved method accuracy requirements such as those found 
in EPA's Standard Methods for Examination of Water and Waste Water. All supporting 
QA/QC information shall be provided. The data may be used to support any future 
enforcement actions. 

A.8 Special Training/Certification 

At a minimum, field personnel have completed the required Health and Safety 24-hour 
initial and 8-hour annual training that is mandatory under OSHA 29 CFR 1910.120(e)(8) 
and EPA Order 3500.1 requirements. Under various programs, this training is mandatory 
to maintain inspector credentials.  All non-credentialed personnel (e.g. inspectors in 
training) must meet the 29 CFR 1910.120(e)(8) requirements, and should be in 
accompanied by credentialed personnel while inspecting/sampling at the facility/site. 
Inspection personnel must be familiar with and follow bio-security procedures. 

Additional Special Training: 
Training to be assessed by EPA personnel to the project team related to the use of the 
data software for the YSI Data Sondes and the HOBO Data Loggers. The needed 
software to assist in data collection and analyzing data are:  

1. Ecowatch Lite - v1.0.5.15 
a. https://www.ysi.com/customer-support/software-firmware-downloads
b. To analyze data from the YSI 6920 Data Sondes 
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2. HOBOware Graphing and Analysis 

a. http://www.onsetcomp.com/products/software/hoboware
b. To collect data from the HOBO Data Loggers 

3. HOBOware Pro Graphing and Analysis  
a. http://www.onsetcomp.com/products/software/hoboware
b. To further analyze data from the HOBO Data Loggers 

A.9 Documents and Records 

The records for this project will include miscellaneous correspondence, field notes, 
laboratory analytical reports, photo logs, and inspection reports.  All laboratory reports will 
be submitted to the EPA Lead Inspector/Project Manager.  Field notes will include 
observations about facility conditions at the site(s) where samples are collected.  Any 
noteworthy deviation from the procedures specified in the QAPP will be recorded in the 
field activity logs.  Laboratory analytical reports will be generated for all of the samples 
received by the laboratory.  Each set of samples will include a chain of custody form 
signed by the samplers and the laboratory recipient.  All samples will be delivered by UPS 
overnight delivery and/or an EPA Field Team Member. 

The EPA Project Manager will disseminate copies of the QAPP to the people listed in the 
distribution list once it is approved.  Any revisions to the QAPP will be numbered 
sequentially.  It will be the responsibility of the EPA Project Manager to ensure that each 
person on the distribution list receives copies of any revisions. 
All EPA records and documents from this project will be handled according to the 
following EPA Region 6 Field Activities Quality System Procedures:

 Records Management - R6PROC 003 
 Management of Sampling and Environmental Data - R6PROC 004 
 Field Documentation - R6PROC 005 
 Field Equipment Inventory and Management - R6PROC 006 
 Field Inspections and Investigations - R6PROC 007 
 Field Activities Report Preparation and Distribution- R6PROC 008 

Field DO Measurement, January 8, 2014 
Field pH Measurement, January 29, 2013 
Field Measurement of Oxidation-Reduction Potential, January 29, 2013 
Field Screening of Total Residual Chlorine, August 20, 2015 
Field Specific Conductance Measurement, July 13, 2016 
Field Temperature Measurement, October 23, 2014 
Surface Water Sampling, February 28, 2013 
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The designated and/or contracted laboratory/ies will manage the testing and original 
raw data from this project (both hard copy and electronic) in accordance with their 
established and accredited procedures.  Any deviations from these procedures shall be 
approved by the EPA Project Manager before implementation.  

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    58 of 516



Stream Sampling of the Tributary of North Bird Creek  
Osage County, Oklahoma 

Version 1 
June 23, 2017 

Page 11 
SECTION B – DATA GENERATION & ACQUISITION 

B.1 Sampling Process Design (Experimental Design) 
Describe the experimental data generation or data collection design for the project: 
The decision on whether or not to collect a sample will be contingent upon the following 
factors:  

1. Water depth 
2. Tributary/creek width 
3. Previous investigation monitoring results 
4. Proximity to the areas of concern 
5. Width of tributary/creek 
6. On-site locational conditions 
7. Other conditions deemed appropriate to consider by the project team 

during the deployment or subsequent following data collection events of 
the project 

Because these samples are to be the result of an inspection and/or a one-time 
inspection/sampling event, a detail process design is not feasible or appropriate.  
However, the procedures to be followed from initiation to final report could be described 
as followed: 

Step 1:  Lead Inspector assembles sampling equipment, chain of custody forms, 
pre-inspection plan, QAPP, sampling equipment/containers, ice chests, etc. 
and notifies laboratory to expect samples of a particular matrix for a specific 
analysis (see Table B.1). 

Step 2:  Inspection Team proceeds to field for observation, data gathering, and 
sample collection, if the situation warrants. 

Step 3: Inspection Team transports/ships sample(s) along with chain of custody 
forms to the laboratory for analytical testing. 

Step 4:  Analytical results received from laboratory, inspector evaluates data, 
attaches to report along with a QA/QC review, and takes any required 
action. 

Types and number of samples required:   
See Table B.1.  

Sampling network design & rationale for design: 
The autonomous in-stream water quality monitoring and manual site monitoring during 
the deployment and subsequent site visits will allow us to better understand stream quality 
at multiple water depths and locations. This water quality information along with the 
laboratory analytical results will be helpful to in evaluating stream conditions and possible 
sources for the impacted areas and aid in determining future courses of action.  
Background samples will also be collected to aid in determining quality assurance and 
additional investigation purposes.  
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Table B.1 Samples by Matrix 
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Analysis 
Example: 
TCLP RCRA 8 Metals SW846 

6010C/7471

Water 11 3 3 2 1 20 Total VOA 8260C 

Water 11 3 2 1 17 Total ABN 8270D 

Water 11 3 2 1 17 TPH Texas Method 1005 

Water 11 3 2 1 17 Total Metals 6010D, 6020B, 
7470A 

Water 11 3 2 1 17 Anions 300.1

Water 11 3 2 1 17 Experimental LC/MS/MS

Water 11 3 2 16 Irrigation – OSU SWAFL 
Note: *Trip blanks are for VOC analyses only.  ** Field blanks column may also include rinsate blanks.  

Typical Analytical Method No. 
Volatile Organics by GC/MS  
SW846 - 8260B  
EPA500 - 524.2  
EPA600 - 624  
CLP - VOA – MC 
CLP - VOA – LC  
Std. Methods 6210B 
Std. Methods 6210C 
Std. Methods 6210D

Volatile Organics by GC 
SW-846 - 8021B  
EPA500 - 502.2  
EPA600 - 601  
EPA600 - 602  
Std. Methods 6220B 
Std. Methods 6220C 
Std. Methods 6230B 
Std. Methods 6230C 
Std. Methods 6230D 

Semi-Volatile Organics 
by GC/MS
SW846 - 8270D  
EPA500 - 525.2  
EPA600 - 625  
CLP - SVOA - MC  
CLP - SVOA - LC  
CLP - PEST - LC 
Std. Methods 6410

PAH
SW846 - 8310 (HPLC) 

Inorganic Analytes 
SW- 846 7000 Series (AA) 
SW- 846 6010C (ICP) 
SW- 846 6020A (ICP-MS) 
EPA 200 Series (AA)
EPA 200.7 (ICP) 
EPA 200.8 (ICP-MS) 
CLP Inorganic Method (ICP) 
CLP Inorganic Method (AA) 
Std Methods 3000 Series (AA) 
Std. Method 3120 (ICP) 

Herbicides  
SW846 - 8151A  
EPA 500 - 515.4  
EPA 500 - 515.2  
Std. Methods 6640  

Pesticides & PCBs 
SW846 - 8081B  
SW846 - 8082A  
EPA500 - 508  
EPA600 - 608  
CLP-PEST- MC  
Std. Methods 6630 
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Sampling locations & frequency of sampling: 
Sampling locations have been determined utilizing historical and current stream 
monitoring data along with information gathered from the instream autonomous data 
loggers. 

Sample matrices: 
See Table B.1.   

Classification of measurement parameters: 
Critical – For environmental compliance  

Validation study information, for non-standard situations: 
N/A: Standard laboratory validation is required.

B.2 Sampling Methods 

Identify sample collection procedures: 
Samples will be either collected directly into the appropriate sample containers or utilize 
an intrinsically safe electric submersible pump and associated tubing to transfer liquids 
into the appropriate containers for the analytes of interest.  The pump and associated 
tubing will be decontaminated between each sample location using alconox and 
laboratory grade deionized water. 

Identify sampling methods and equipment: 
Sampling methods and regulatory citation:  The analytical methods, sample 
containers, holding times, and sample preservation requirements are presented in 
Table B.4 and apply to EPA Sampling Methods: 
8260C, 8270D, Texas Method 1005, 6010D, 6020B 7470A, 300.1, 200.7 and 
possibly other approved methods determined necessary to evaluate chemicals 
utilized by the oil and gas operators in the area. 
Sampling equipment available during the inspection/sampling event: 
Either the containers themselves or via pump and associated tubing referenced 
above. 
Implementation requirements:  Will be based on the Lead Inspector’s field 
observations, field conditions, facility operations and/or timing.  
Sample preservation requirements: See Table B.4 – Analytical Methods, 
Preservatives and Containers for Samples 
Decontamination procedures:  Wet decontamination procedure 
(http://www.epa.gov/quality/field-equipment-cleaning-and-decontamination)  
Any support facilities needed:  At this time, no support appears to be needed.  
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Specific performance requirements for the sampling methods: 

Detection limits are defined in the methods of interest. 
Reporting limits are defined in the methods of interest as well. 

If a failure in the sampling or measurement system occurs, the Lead Inspector/Project 
Manager must be notified. The Quality Assurance Officer and/or Laboratory Point of 
Contact will act as advisors to the Lead Inspector/Project Manager. The Lead 
Inspector/Project Manager will be responsible for any decision concerning corrective 
action.  Corrective action in the field or in the laboratory will be documented in the field 
notes and/or in the final laboratory analytical report based on the action(s) required.  

B.3 Sampling Handling & Custody 

The date and time of sample collection will be recorded on the field activity log and on all 
samples: additionally, that information will be recorded on the Chain of Custody (COC) 
form.  The desired analytical tests to be performed and any preservatives used will also 
be noted on the COC form.  An example COC format is attached in Figure B.3.  
Prior to shipment, all samples shall be in custody with the inspection/sampling team. 
Sample team shall keep all samples in an environment that maintain its preservation 
(e.g., inside cooler(s) with double bagged ice and packing material).  In lieu of tied on 
tags, stick on sample labels may be used as long as they contain the following 
information: sampler name, date, time, station location, sampler signature, sample # 
and analysis requested.  Custody seals shall be used on each sample container and 
sample coolers, unless samples are hand delivered to the designated laboratory by a 
member of the inspection/sampling team along as the custody chain is not breached. 
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Figure B.3. Official Chain of Custody Example 
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B.4 Analytical Methods 

Identify analytical methods to be followed (with all options) & required equipment: 
See Table B.4 – Analytical Methods, Preservatives and Containers for Samples. 

Specify any specific method performance criteria: 
None at this time. 

Provide validation information for non-standard methods: 
Please provide information and procedures used for any of these non-standard 
methods. 

Identify procedures to follow when failures occur: 
If failure(s) occur during the analysis, the Laboratory Point of Contact will contact the Lead 
Inspector/Project Manager within 24-hours, and communicate the failure and identify 
potential corrective remedies.  The Lead Inspector/Project Manager will make the 
determination on the remedy. The failure(s) and corrective remedies will be document via 
email and cc: the first-line supervisor and the QA Officer. 

Identify individuals responsible for corrective action and appropriate documentation: 
Jeanne Eckhart, Carl Wills and Chris Lister.  
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B.5 Quality Control 
Identified below are a number of quality control samples that will be collected.   

Trip Blanks 

Number of Blank(s): One (1) per each sample shipping container that contains samples 
for VOCs analysis.

Trip Blank Type: Deionized Water.  

Describe Preparation:  For each trip blank, type II reagent grade water for the R6-
Addison wet lab (Room 104) will be placed in two (2) 40-mL vials and preserved with 
HCl (pH<2).  The VOC analysis will be the consistent with the analysis on the 
environmental/waste samples.   

Field Blanks 

Number of Blank(s): Example: One (1) per each sampling event for all analytes listed. 

Field Blank Type: Deionized Water.  

Describe Preparation:  Type II reagent grade water from the R6-Addison wet lab (Room 
104) will be placed in sample containers appropriate for analytes of interest with 
appropriate preservation.  

Equipment Rinsate Blanks 

Two (2) will be collected, with one prior to any samples being collected and the other 
after the final water sample is collected for all analytes listed. 

Rinsate Type: Deionized Water. 

Describe Preparation:  Type II reagent grade water from the R6-Addison wet lab (Room 
104) will be placed in sample containers appropriate for analytes of interest with 
appropriate preservation. 

Blind Replicate or Duplicate Samples 

Number of Samples: One (1) blind replicate/duplicate sample for every ten (10) samples 
will be collected.  The laboratory will perform replicates as required per their NELAC 
certification.

Sample Matrix:  Water. 

Location:  To be determined in the field.  
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Matrix Spike (MS) / Matrix Spike Duplicate (MSD) Samples 

Field personnel will determine which sampling location will have the Laboratory QC 
(MS/MSD) which will be collected for the QMP.  Therefore, collections of triple volumes 
for VOA, ABN, and TPH and double volumes for Total Metals and Anions will occur. 
Sample Matrix:  Water. 
Location:  To be determined in the field. 

B.6 Instrument/Equipment Testing, Inspection, and Maintenance 

EPA field personnel will use the Hydrolab Data Sonde DS5 as appropriate based on the 
project-specific field parameter needs and/or Health and Safety conditions. Along with 
data collection, measurements from this instrument may be used to alert field personnel 
to potential hazardous conditions. In addition, readings collected by the instrument may 
be documented in the field logbook and included in the final inspection report. The 
instrument will be maintained in accordance with the manufacturer’s recommendations 
detailed in the instrument manual. 

B.7 Instrument/Equipment Calibration and Frequency 

Identify all tools, gauges, instruments, and other sampling, measuring, and test 
equipment used for data generation or collection activities affecting quality that must be 
controlled and calibrated: 
The Hydrolab and the YSI Pro30 will be calibrated per the manufactures’ requirements 
and noted in the equipment calibration log. 

Describe or reference how calibration will be conducted using certified equipment and/or 
standards with known valid relationships to nationally recognized performance standards. 
If no such nationally recognized standards exist, document the basis for the calibration: 
The Hydrolab and the YSI Pro30 will be calibrated per the manufactures’ requirements 
and noted in the equipment calibration log. 

EPA field personnel shall record field usage in the maintenance/calibration logbook that 
is maintained with the equipment along with the inspection/sampling logbook. 

B.8 Inspection/Acceptance of Supplies & Consumables 

The EPA Project Manager will be responsible for inspecting sample containers prior to 
leaving for the inspection. Only new sample containers accompanied by the 
manufacturer’s certification of pre-cleaning will be used. The sample containers will be 
inspected for cracks, ill-fitting lids, or other defects prior to use and will be discarded if 
defects are found. 
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B.9 Data Acquisition Requirements for Non-Direct Measurements 

Records may be collected during the inspection/sampling event to document activities 
at the facility. Documents may be requested for a period of up to 5 years prior to the 
inspection/sampling event. These records will be used for determining the facility’s 
compliance with the requirements of CWA. 

B.10 Data Management 

Data for this project will be produced both onsite and at the designated/approved 
Laboratory. Laboratory data will be submitted to the EPA Project Manager and will be 
included in the subsequent inspection report. Data collected during the inspection may 
be designated as Confidential Business Information (CBI) by representatives of CRS. 
For any information for which a CBI claim is made that information will be handled in 
accordance with the provisions specified for CWA CBI. All records and documents 
generated during this project will be handled in accordance with EPA’s “Standard 
Operating Procedures for Record and Information Management”
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SECTION C – ASSESSMENT AND OVERSIGHT 

C.1 Assessments and Response Actions 

Documentation and analytical results collected during this project will be evaluated to 
determine the compliance status as it applies to the facility’s requirements under CWA.  
Results of this evaluation will determine what action, if any, the Agency should take in 
response to any Areas of Concern identified during the inspection. The magnitude and 
breadth of any concerns identified will determine the appropriate response on the part of 
the Agency. 

C.2 Reports to Management 

This project will result in the generation of an inspection report which will include an 
inspection narrative, a photographic log, documents collected during the inspection, and 
analytical reports for all samples collected, if any.
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SECTION D – DATA VALIDATION AND USABILITY 

D.1 Data Review, Verification, and Validation 

Data will be accepted if they meet the following criteria: 
1. Field logs are complete. 
2. Prior to releasing the analytical data, the laboratory staff will review both the 

sample and QC data to verify sample identity, instrument calibration, quantitation 
limits, dilution factors, numerical computations, accuracy of transcriptions, and 
chemical interpretations.  In addition, the QC data are tabulated and the results 
reviewed to ascertain whether they were within the project-required limits for 
accuracy and precision. Any non-conforming data will be discussed in the data 
package case narrative. If necessary, qualifiers are applied based on this 
information.  The laboratory staff review will consist of a Peer review, a Senior 
Chemist review, a Point of Contact review, and a QA Officer review.  The review 
will follow the US EPA National Functional Guidelines for Organic Methods Data 
Review (SOM02.2), and US EPA National Functional Guidelines for Inorganic 
Data Review (ISM02.2). 

3. Field data is reviewed to ensure that they are complete; that sample collection 
information is thoroughly documented; and that any deviations from the QAPP 
are noted. 

4. Actual sampling locations is documented in the inspection logbook. Locations 
were determined using GPS instrumentation, linear measurements, and/or 
photographic references.  

5. Sample handling procedures are documented on chain of custody forms. 

Any deviations from the QAPP are to be reported in the field logs.  The Lead 
Inspector/Project Manager will verify the contents of these logs.  If the data fails to meet 
the criteria they will be flagged as estimated.  Any flagged data will be discussed with 
management to determine if the data point will be rejected and/or re-sampling done. 

D.2 Verification and Validation Methods 

Field data will be validated by the Lead Inspector/Project Manager, and any problems 
identified during this project will be documented in the field logs.  The laboratory 
supervisor will validate laboratory data according to methods established in their QA 
Plan. 
The Lead Inspector/Project Manager will review and verify field logs and analytical data 
reports.  Any problems or deviations identified will be discussed with the project team 
and the first-line supervisor to determine corrective action measures.  
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D.3 Reconciliation with User Requirements 

The designated laboratory will provide a final laboratory report along with the supporting 
electronic data in a usable spreadsheet format.  All laboratory bench sheets and 
equipment calibrations will be maintained by the designated laboratory and will be 
available upon request. The data will be used to support any future enforcement actions 
or litigation. 
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APPENDIX A: MONITORING/SAMPLING 
LOCATION MAP 
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Sampling Locations in North Bird Creek Area, Osage County, Oklahoma

USGS The National Map: National Hydrography Dataset. Data
Refreshed April, 2017.
Esri, HERE, DeLorme, MapmyIndia, © OpenStreetMap contributors,
and the GIS user community
Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics,

Water Sample Proposed Locations

June 22, 2017
0 0.45 0.90.225 mi

0 0.7 1.40.35 km

1:18,056

USDA FSA, Microsoft | USGS The National Map: National Hydrography Dataset. Data Refreshed April, 2017. | Esri, HERE, Garmin, iP C
Jeanne Eckhart
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APPENDIX B: TABLE OF MONITORING/SAMPLING 
LOCATIONS 
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Water 
Sample 

ID
Latitude Longitude Locational Comments

WS-1 36.832660 -96.496177 Background, Monitoring Station 1
WS-2 36.832135 -96.498664 Monitoring Station 2
WS-3 36.830668 -96.499461 Monitoring Station 3
WS-4 36.829906 -96.500244 Monitoring Station 4
WS-5 36.827810 -96.501613 Monitoring Station 6
WS-6 36.825031 -96.499648 Monitoring Station 7
WS-7 N/A N/A Replicate 1; location TBD in field during sampling event
WS-8 36.846536 -96.506097 Jireh Tank Battery
WS-9 36.843175 -96.500638 Warren American Tank Battery

WS-10 36.824405 -96.486825 Gray Horse Tank Battery
WS-11 36.828592 -96.493931 East Domestic Water Well
WS-12 36.833258 -96.504278 West Domestic Water Well
WS-13 N/A N/A Field Blank
WS-14 N/A N/A Replicate 2; location TBD in field during sampling event
WS-15 N/A N/A Equipment Blank 1 (Before Sampling Begins)
WS-16 N/A N/A Equipment Blank 2 (After Final Sample Collected)
WS-17 N/A N/A QA/QC (Extra Volume of WS-6 - required by QMP)

Water Sampling Locations
Bird Creek, Osage County, Oklahoma
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CARL E. WILLS (6EN-WR)
CARL E WILLS (6EN-WR)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : 1A-Upstream (North of Road)

Location : Bird Creek (SE 12-T27N-R7E)
Osage County, OK

Lab ID No.: : 820711
Customer Code : 1361
Sample No. : 1
Received : 10/6/2016
Report Date : 10/10/2016

WATER QUALITY REPORT

Test Results for Irrigation Water

---------- Cations --------------- ----------- Anions ------------- ------------- Other --------------

------------ Derived Values ----------------- -------- Derived Values(cont'd) --------------

Sodium (ppm)
Calcium (ppm)
Magnesium (ppm)
Potassium (ppm)

Nitrate-N (ppm)
Chloride (ppm)
Sulfate (ppm)
Boron (ppm)
Bicarbonate (ppm)

pH
EC (µmhos/cm)

Total Dissolved Salts (TDS in ppm)
Sodium Adsorption Ratio (SAR)
Potassium Adsorption Ratio (PAR)

Sodium Percentage
Hardness (ppm)
Hardness Class
Alkalinity (ppm as CaCO3)

17
47
7
8

<1
87
35
0.02
56

7.5
454

299.6
0.6
0.2

19.9 %
146.0
Hard
45.6

INTERPRETATION AND REQUIREMENTS FOR Irrigation Water

The total dissolved salt and sodium content of this water are low enough that no problem should result from its use.
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CARL E. WILLS (6EN-WR)
CARL E WILLS (6EN-WR)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : 1A-Upstream (North of Road)

Location : Bird Creek (SE 12-T27N-R7E)
Osage County, OK

Lab ID No.: : 820711
Customer Code : 1361
Sample No. : 1
Received : 10/6/2016
Report Date : 10/10/2016

WATER QUALITY REPORT

Test Results for Livestock Water
Analysis Sample Results Livestock Water Limits

Boron (ppm) 0.02 < 5 ppm 
Calcium (ppm) 47.33 No Guidelines
Chloride (ppm) 86.87 < 600 ppm 
Copper (ppm) <DL* <0.5 ppm 
Iron (ppm) 1.26 No Guidelines
Magnesium (ppm) 6.79 No Guidelines
Manganese (ppm) 0.01 No Guidelines
Nitrate-N (ppm) 0.64 < 100 ppm
Potassium (ppm) 8 No Guidelines
Sodium (ppm) 16.64 < 1000 ppm 
Sulfate (ppm) 35.06 <1000 ppm 
Zinc (ppm) < DL* < 25 ppm 

EC (µmhos/cm) 454 No Guidelines
ICAP_P ppm --- No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines146.0
Hardness Class No GuidelinesHard
pH 7.5 5.5-9.0 
Total Dissolved Salts(TDS) (ppm) 299.6 <3000 ppm 

* DL : Detection Limit 
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CARL E. WILLS (6EN-WR)
CARL E WILLS (6EN-WR)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : 1A-Upstream (North of Road)

Location : Bird Creek (SE 12-T27N-R7E)
Osage County, OK

Lab ID No.: : 820711
Customer Code : 1361
Sample No. : 1
Received : 10/6/2016
Report Date : 10/10/2016

WATER QUALITY REPORT

Test Results for Household Water

Analysis Sample Results EPA Drinking Water Limits

Boron (ppm) 0.02 < 2.4
Calcium (ppm) 47.33 No Guidelines
Chloride (ppm) 86.87 < 250 ppm (#)
Copper (ppm) < DL* <1.0 ppm (#)
Iron (ppm) 1.26 < 0.3 ppm (#)
Magnesium (ppm) 6.79 No Guidelines
Manganese (ppm) 0.01 < 0.05 ppm (#)
Nitrate-N (ppm) 0.64 < 10 ppm 
Potassium (ppm) 8 No Guidelines
Sodium (ppm) 16.64 No Guidelines
Sulfate (ppm) 35.06 < 250 ppm (#)
Zinc (ppm) < DL* < 5.0 ppm (#)

EC (µmhos/cm) 454 No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines146.0
Hardness Class < 120Hard
pH 7.5 6.5 - 8.5 (#)
Sodium Percentage (%) 19.9 No Guidelines
Total Dissolved Solids (TDS) (ppm) 299.6 <500 ppm (#)

* DL : Detection Limit 

(#) Secondary standards are non-enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic effects. 
If any of the above analysis exceeds EPA standards, you should seek advise from the Oklahoma Department of Environmental Quality 
or local Health Department. 
This water analysis does NOT include testing for bacteria, organic chemicals, and heavy metals. This lab is not certified by DEQ 
for drinking water analysis.
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CARL E. WILLS (6EN-WR)
CARL E WILLS (6EN-WR)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : 1B-Pool (South of Road)

Location : Bird Creek (SE 12-T27N-R7E)
Osage County, OK

Lab ID No.: : 820712
Customer Code : 1361
Sample No. : 2
Received : 10/6/2016
Report Date : 10/10/2016

WATER QUALITY REPORT

Test Results for Irrigation Water

---------- Cations --------------- ----------- Anions ------------- ------------- Other --------------

------------ Derived Values ----------------- -------- Derived Values(cont'd) --------------

Sodium (ppm)
Calcium (ppm)
Magnesium (ppm)
Potassium (ppm)

Nitrate-N (ppm)
Chloride (ppm)
Sulfate (ppm)
Boron (ppm)
Bicarbonate (ppm)

pH
EC (µmhos/cm)

Total Dissolved Salts (TDS in ppm)
Sodium Adsorption Ratio (SAR)
Potassium Adsorption Ratio (PAR)

Sodium Percentage
Hardness (ppm)
Hardness Class
Alkalinity (ppm as CaCO3)

20812
4751
1365
58

<1
40699
49
1.47
61

6.9
99500

67795.3
68.5
0.1

72.2 %
17470.8
Very Hard
49.8

INTERPRETATION AND REQUIREMENTS FOR Irrigation Water

Water of this quality is not recommended for crop irrigation due to its high total dissolved salts and/or sodium level.

 Boron toxicity may occur in poorly drained soils.
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CARL E. WILLS (6EN-WR)
CARL E WILLS (6EN-WR)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : 1B-Pool (South of Road)

Location : Bird Creek (SE 12-T27N-R7E)
Osage County, OK

Lab ID No.: : 820712
Customer Code : 1361
Sample No. : 2
Received : 10/6/2016
Report Date : 10/10/2016

WATER QUALITY REPORT

Test Results for Livestock Water
Analysis Sample Results Livestock Water Limits

Boron (ppm) 1.47 < 5 ppm 
Calcium (ppm) 4751.23 No Guidelines
Chloride (ppm) 40699 < 600 ppm 
Copper (ppm) 0.10 < 0.5 ppm 
Iron (ppm) 0.1 No Guidelines
Magnesium (ppm) 1365.04 No Guidelines
Manganese (ppm) 0.02 No Guidelines
Nitrate-N (ppm) 0.14 < 100 ppm
Potassium (ppm) 58 No Guidelines
Sodium (ppm) 20812.1 < 1000 ppm 
Sulfate (ppm) 48.98 <1000 ppm 
Zinc (ppm) 0.01 < 25 ppm 

EC (µmhos/cm) 99500 No Guidelines
ICAP_P ppm --- No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines17470.8
Hardness Class No GuidelinesVery Hard
pH 6.9 5.5-9.0 
Total Dissolved Salts(TDS) (ppm) 67795.3 <3000 ppm 

* DL : Detection Limit 

This water may be objectionable because it is less than the guideline of 1000mg Na/L.
Serious effects including death become likely at 5000mg/L.We recommend keeping drinking water Na concentration 
less than 1000mg/L(chronic exposure criteria).This assumes normal feedstuff Na concentration and no other water sources;these concentrations 
should protect against acute lethality or chronically poor performance.Short term exposure(days-weeks) should not exceed 4000 mg Na/L
This water may be objectionable because it exceeds the guideline of 600mg Chloride/L
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CARL E. WILLS (6EN-WR)
CARL E WILLS (6EN-WR)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : 1B-Pool (South of Road)

Location : Bird Creek (SE 12-T27N-R7E)
Osage County, OK

Lab ID No.: : 820712
Customer Code : 1361
Sample No. : 2
Received : 10/6/2016
Report Date : 10/10/2016

WATER QUALITY REPORT

Test Results for Household Water

Analysis Sample Results EPA Drinking Water Limits

Boron (ppm) 1.47 < 2.4
Calcium (ppm) 4751.23 No Guidelines
Chloride (ppm) 40699 < 250 ppm (#)
Copper (ppm) 0.10 < 1.0 ppm (#)
Iron (ppm) 0.1 < 0.3 ppm (#)
Magnesium (ppm) 1365.04 No Guidelines
Manganese (ppm) 0.02 < 0.05 ppm (#)
Nitrate-N (ppm) 0.14 < 10 ppm 
Potassium (ppm) 58 No Guidelines
Sodium (ppm) 20812.1 No Guidelines
Sulfate (ppm) 48.98 < 250 ppm (#)
Zinc (ppm) 0.01 < 5.0 ppm (#)

EC (µmhos/cm) 99500 No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines17470.8
Hardness Class < 120Very Hard
pH 6.9 6.5 - 8.5 (#)
Sodium Percentage (%) 72.2 No Guidelines
Total Dissolved Solids (TDS) (ppm) 67795.3 <500 ppm (#)

* DL : Detection Limit 

(#) Secondary standards are non-enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic effects. 
If any of the above analysis exceeds EPA standards, you should seek advise from the Oklahoma Department of Environmental Quality 
or local Health Department. 
This water analysis does NOT include testing for bacteria, organic chemicals, and heavy metals. This lab is not certified by DEQ 
for drinking water analysis.

Signature
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CARL E. WILLS (6EN-WR)
CARL E WILLS (6EN-WR)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : 1C-Duplicate(South of Road)

Location : Bird Creek (SE 12-T27N-R7E)
Osage County, OK

Lab ID No.: : 820713
Customer Code : 1361
Sample No. : 3
Received : 10/6/2016
Report Date : 10/10/2016

WATER QUALITY REPORT

Test Results for Irrigation Water

---------- Cations --------------- ----------- Anions ------------- ------------- Other --------------

------------ Derived Values ----------------- -------- Derived Values(cont'd) --------------

Sodium (ppm)
Calcium (ppm)
Magnesium (ppm)
Potassium (ppm)

Nitrate-N (ppm)
Chloride (ppm)
Sulfate (ppm)
Boron (ppm)
Bicarbonate (ppm)

pH
EC (µmhos/cm)

Total Dissolved Salts (TDS in ppm)
Sodium Adsorption Ratio (SAR)
Potassium Adsorption Ratio (PAR)

Sodium Percentage
Hardness (ppm)
Hardness Class
Alkalinity (ppm as CaCO3)

20810
4749
1432
62

<1
42655
51
1.59
64

6.9
100100

69821.9
68.0
0.1

71.8 %
17741.4
Very Hard
52.1

INTERPRETATION AND REQUIREMENTS FOR Irrigation Water

Water of this quality is not recommended for crop irrigation due to its high total dissolved salts and/or sodium level.

 Boron toxicity may occur in poorly drained soils.

Signature
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CARL E. WILLS (6EN-WR)
CARL E WILLS (6EN-WR)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : 1C-Duplicate(South of Road)

Location : Bird Creek (SE 12-T27N-R7E)
Osage County, OK

Lab ID No.: : 820713
Customer Code : 1361
Sample No. : 3
Received : 10/6/2016
Report Date : 10/10/2016

WATER QUALITY REPORT

Test Results for Livestock Water
Analysis Sample Results Livestock Water Limits

Boron (ppm) 1.59 < 5 ppm 
Calcium (ppm) 4748.7 No Guidelines
Chloride (ppm) 42655 < 600 ppm 
Copper (ppm) 0.10 < 0.5 ppm 
Iron (ppm) 0.1 No Guidelines
Magnesium (ppm) 1432.35 No Guidelines
Manganese (ppm) <DL* No Guidelines
Nitrate-N (ppm) 0.13 < 100 ppm
Potassium (ppm) 62 No Guidelines
Sodium (ppm) 20809.6 < 1000 ppm 
Sulfate (ppm) 50.51 <1000 ppm 
Zinc (ppm) 0.01 < 25 ppm 

EC (µmhos/cm) 100100 No Guidelines
ICAP_P ppm --- No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines17741.4
Hardness Class No GuidelinesVery Hard
pH 6.9 5.5-9.0 
Total Dissolved Salts(TDS) (ppm) 69821.9 <3000 ppm 

* DL : Detection Limit 

This water may be objectionable because it is less than the guideline of 1000mg Na/L.
Serious effects including death become likely at 5000mg/L.We recommend keeping drinking water Na concentration 
less than 1000mg/L(chronic exposure criteria).This assumes normal feedstuff Na concentration and no other water sources;these concentrations 
should protect against acute lethality or chronically poor performance.Short term exposure(days-weeks) should not exceed 4000 mg Na/L
This water may be objectionable because it exceeds the guideline of 600mg Chloride/L

Signature
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CARL E. WILLS (6EN-WR)
CARL E WILLS (6EN-WR)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : 1C-Duplicate(South of Road)

Location : Bird Creek (SE 12-T27N-R7E)
Osage County, OK

Lab ID No.: : 820713
Customer Code : 1361
Sample No. : 3
Received : 10/6/2016
Report Date : 10/10/2016

WATER QUALITY REPORT

Test Results for Household Water

Analysis Sample Results EPA Drinking Water Limits

Boron (ppm) 1.59 < 2.4
Calcium (ppm) 4748.7 No Guidelines
Chloride (ppm) 42655 < 250 ppm (#)
Copper (ppm) 0.10 < 1.0 ppm (#)
Iron (ppm) 0.1 < 0.3 ppm (#)
Magnesium (ppm) 1432.35 No Guidelines
Manganese (ppm)  < DL* < 0.05 ppm (#)
Nitrate-N (ppm) 0.13 < 10 ppm 
Potassium (ppm) 62 No Guidelines
Sodium (ppm) 20809.6 No Guidelines
Sulfate (ppm) 50.51 < 250 ppm (#)
Zinc (ppm) 0.01 < 5.0 ppm (#)

EC (µmhos/cm) 100100 No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines17741.4
Hardness Class < 120Very Hard
pH 6.9 6.5 - 8.5 (#)
Sodium Percentage (%) 71.8 No Guidelines
Total Dissolved Solids (TDS) (ppm) 69821.9 <500 ppm (#)

* DL : Detection Limit 

(#) Secondary standards are non-enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic effects. 
If any of the above analysis exceeds EPA standards, you should seek advise from the Oklahoma Department of Environmental Quality 
or local Health Department. 
This water analysis does NOT include testing for bacteria, organic chemicals, and heavy metals. This lab is not certified by DEQ 
for drinking water analysis.
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CARL E. WILLS (6EN-WR)
CARL E WILLS (6EN-WR)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : 2-Jireh (@ Well 18W)

Location : Bird Creek (SW 1-T27N-R7E)
Osage County, OK

Lab ID No.: : 820714
Customer Code : 1361
Sample No. : 4
Received : 10/6/2016
Report Date : 10/10/2016

WATER QUALITY REPORT

Test Results for Irrigation Water

---------- Cations --------------- ----------- Anions ------------- ------------- Other --------------

------------ Derived Values ----------------- -------- Derived Values(cont'd) --------------

Sodium (ppm)
Calcium (ppm)
Magnesium (ppm)
Potassium (ppm)

Nitrate-N (ppm)
Chloride (ppm)
Sulfate (ppm)
Boron (ppm)
Bicarbonate (ppm)

pH
EC (µmhos/cm)

Total Dissolved Salts (TDS in ppm)
Sodium Adsorption Ratio (SAR)
Potassium Adsorption Ratio (PAR)

Sodium Percentage
Hardness (ppm)
Hardness Class
Alkalinity (ppm as CaCO3)

49111
9627
1770
531

<1
99594
41
8.54
104

6.3
179600

160778.6
120.7
0.8

77.3 %
31304.2
Very Hard
85.1

INTERPRETATION AND REQUIREMENTS FOR Irrigation Water

Water of this quality is not recommended for crop irrigation due to its high total dissolved salts and/or sodium level.

This water is not recommended for irrigation use because of its high boron content.
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CARL E. WILLS (6EN-WR)
CARL E WILLS (6EN-WR)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : 2-Jireh (@ Well 18W)

Location : Bird Creek (SW 1-T27N-R7E)
Osage County, OK

Lab ID No.: : 820714
Customer Code : 1361
Sample No. : 4
Received : 10/6/2016
Report Date : 10/10/2016

WATER QUALITY REPORT

Test Results for Livestock Water
Analysis Sample Results Livestock Water Limits

Boron (ppm) 8.54 < 5 ppm 
Calcium (ppm) 9627.19 No Guidelines
Chloride (ppm) 99594 < 600 ppm 
Copper (ppm) 0.10 < 0.5 ppm 
Iron (ppm) 10.41 No Guidelines
Magnesium (ppm) 1770.4 No Guidelines
Manganese (ppm) 2.49 No Guidelines
Nitrate-N (ppm)  < DL* < 100 ppm 
Potassium (ppm) 531 No Guidelines
Sodium (ppm) 49110.8 < 1000 ppm 
Sulfate (ppm) 41.26 <1000 ppm 
Zinc (ppm) 0.85 < 25 ppm 

EC (µmhos/cm) 179600 No Guidelines
ICAP_P ppm --- No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines31304.2
Hardness Class No GuidelinesVery Hard
pH 6.3 5.5-9.0 
Total Dissolved Salts(TDS) (ppm) 160778.6 <3000 ppm 

* DL : Detection Limit 

This water may be objectionable because it is less than the guideline of 1000mg Na/L.
Serious effects including death become likely at 5000mg/L.We recommend keeping drinking water Na concentration 
less than 1000mg/L(chronic exposure criteria).This assumes normal feedstuff Na concentration and no other water sources;these concentrations 
should protect against acute lethality or chronically poor performance.Short term exposure(days-weeks) should not exceed 4000 mg Na/L
This water may be objectionable for some livestock because it exceeds the guideline of 5mg Boron/L.Excess boron in the diets of 
livestock may decrease feed consumption and cause weight loss
This water may be objectionable because it exceeds the guideline of 600mg Chloride/L

Signature
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CARL E. WILLS (6EN-WR)
CARL E WILLS (6EN-WR)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : 2-Jireh (@ Well 18W)

Location : Bird Creek (SW 1-T27N-R7E)
Osage County, OK

Lab ID No.: : 820714
Customer Code : 1361
Sample No. : 4
Received : 10/6/2016
Report Date : 10/10/2016

WATER QUALITY REPORT

Test Results for Household Water

Analysis Sample Results EPA Drinking Water Limits

Boron (ppm) 8.54 < 2.4
Calcium (ppm) 9627.19 No Guidelines
Chloride (ppm) 99594 < 250 ppm (#)
Copper (ppm) 0.10 < 1.0 ppm (#)
Iron (ppm) 10.41 < 0.3 ppm (#)
Magnesium (ppm) 1770.4 No Guidelines
Manganese (ppm) 2.49 < 0.05 ppm (#)
NO3N (ppm)  < DL* < 10 ppm 
Potassium (ppm) 531 No Guidelines
Sodium (ppm) 49110.8 No Guidelines
Sulfate (ppm) 41.26 < 250 ppm (#)
Zinc (ppm) 0.85 < 5.0 ppm (#)

EC (µmhos/cm) 179600 No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines31304.2
Hardness Class < 120Very Hard
pH 6.3 6.5 - 8.5 (#)
Sodium Percentage (%) 77.3 No Guidelines
Total Dissolved Solids (TDS) (ppm) 160778.6 <500 ppm (#)

* DL : Detection Limit 

(#) Secondary standards are non-enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic effects. 
If any of the above analysis exceeds EPA standards, you should seek advise from the Oklahoma Department of Environmental Quality 
or local Health Department. 
This water analysis does NOT include testing for bacteria, organic chemicals, and heavy metals. This lab is not certified by DEQ 
for drinking water analysis.

Signature
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CARL E. WILLS (6EN-WR)
CARL E WILLS (6EN-WR)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : 3-Grayhorse(@ Tank Battery)

Location : Bird Creek (NW 18-T27N-R8E)
Osage County, OK

Lab ID No.: : 820715
Customer Code : 1361
Sample No. : 5
Received : 10/6/2016
Report Date : 10/10/2016

WATER QUALITY REPORT

Test Results for Irrigation Water

---------- Cations --------------- ----------- Anions ------------- ------------- Other --------------

------------ Derived Values ----------------- -------- Derived Values(cont'd) --------------

Sodium (ppm)
Calcium (ppm)
Magnesium (ppm)
Potassium (ppm)

Nitrate-N (ppm)
Chloride (ppm)
Sulfate (ppm)
Boron (ppm)
Bicarbonate (ppm)

pH
EC (µmhos/cm)

Total Dissolved Salts (TDS in ppm)
Sodium Adsorption Ratio (SAR)
Potassium Adsorption Ratio (PAR)

Sodium Percentage
Hardness (ppm)
Hardness Class
Alkalinity (ppm as CaCO3)

45675
8236
1737
463

<1
90403
10
8.11
64

6.5
170900

146587.9
119.4
0.7

78.2 %
27696
Very Hard
52.0

INTERPRETATION AND REQUIREMENTS FOR Irrigation Water

Water of this quality is not recommended for crop irrigation due to its high total dissolved salts and/or sodium level.

This water is not recommended for irrigation use because of its high boron content.

Signature
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CARL E. WILLS (6EN-WR)
CARL E WILLS (6EN-WR)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : 3-Grayhorse(@ Tank Battery)

Location : Bird Creek (NW 18-T27N-R8E)
Osage County, OK

Lab ID No.: : 820715
Customer Code : 1361
Sample No. : 5
Received : 10/6/2016
Report Date : 10/10/2016

WATER QUALITY REPORT

Test Results for Livestock Water
Analysis Sample Results Livestock Water Limits

Boron (ppm) 8.11 < 5 ppm 
Calcium (ppm) 8236.48 No Guidelines
Chloride (ppm) 90403 < 600 ppm 
Copper (ppm) 0.10 < 0.5 ppm 
Iron (ppm) 2.96 No Guidelines
Magnesium (ppm) 1736.78 No Guidelines
Manganese (ppm) 2.40 No Guidelines
Nitrate-N (ppm)  < DL* < 100 ppm 
Potassium (ppm) 463 No Guidelines
Sodium (ppm) 45675 < 1000 ppm 
Sulfate (ppm) 10.15 <1000 ppm 
Zinc (ppm) 11.34 < 25 ppm 

EC (µmhos/cm) 170900 No Guidelines
ICAP_P ppm --- No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines27696
Hardness Class No GuidelinesVery Hard
pH 6.5 5.5-9.0 
Total Dissolved Salts(TDS) (ppm) 146587.9 <3000 ppm 

* DL : Detection Limit 

This water may be objectionable because it is less than the guideline of 1000mg Na/L.
Serious effects including death become likely at 5000mg/L.We recommend keeping drinking water Na concentration 
less than 1000mg/L(chronic exposure criteria).This assumes normal feedstuff Na concentration and no other water sources;these concentrations 
should protect against acute lethality or chronically poor performance.Short term exposure(days-weeks) should not exceed 4000 mg Na/L
This water may be objectionable for some livestock because it exceeds the guideline of 5mg Boron/L.Excess boron in the diets of 
livestock may decrease feed consumption and cause weight loss
This water may be objectionable because it exceeds the guideline of 600mg Chloride/L

Signature
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CARL E. WILLS (6EN-WR)
CARL E WILLS (6EN-WR)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : 3-Grayhorse(@ Tank Battery)

Location : Bird Creek (NW 18-T27N-R8E)
Osage County, OK

Lab ID No.: : 820715
Customer Code : 1361
Sample No. : 5
Received : 10/6/2016
Report Date : 10/10/2016

WATER QUALITY REPORT

Test Results for Household Water

Analysis Sample Results EPA Drinking Water Limits

Boron (ppm) 8.11 < 2.4
Calcium (ppm) 8236.48 No Guidelines
Chloride (ppm) 90403 < 250 ppm (#)
Copper (ppm) 0.10 < 1.0 ppm (#)
Iron (ppm) 2.96 < 0.3 ppm (#)
Magnesium (ppm) 1736.78 No Guidelines
Manganese (ppm) 2.40 < 0.05 ppm (#)
NO3N (ppm)  < DL* < 10 ppm 
Potassium (ppm) 463 No Guidelines
Sodium (ppm) 45675 No Guidelines
Sulfate (ppm) 10.15 < 250 ppm (#)
Zinc (ppm) 11.34 < 5.0 ppm (#)

EC (µmhos/cm) 170900 No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines27696
Hardness Class < 120Very Hard
pH 6.5 6.5 - 8.5 (#)
Sodium Percentage (%) 78.2 No Guidelines
Total Dissolved Solids (TDS) (ppm) 146587.9 <500 ppm (#)

* DL : Detection Limit 

(#) Secondary standards are non-enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic effects. 
If any of the above analysis exceeds EPA standards, you should seek advise from the Oklahoma Department of Environmental Quality 
or local Health Department. 
This water analysis does NOT include testing for bacteria, organic chemicals, and heavy metals. This lab is not certified by DEQ 
for drinking water analysis.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-13 (Field Blank)

Location : Bird Creek (DI Water)
Osage County, OK

Lab ID No.: : 847168
Customer Code : 1361
Sample No. : 13
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Irrigation Water

---------- Cations --------------- ----------- Anions ------------- ------------- Other --------------

------------ Derived Values ----------------- -------- Derived Values(cont'd) --------------

Sodium (ppm)
Calcium (ppm)
Magnesium (ppm)
Potassium (ppm)

Nitrate-N (ppm)
Chloride (ppm)
Sulfate (ppm)
Boron (ppm)
Bicarbonate (ppm)

pH
EC (µmhos/cm)

Total Dissolved Solids (TDS in ppm)
Sodium Adsorption Ratio (SAR)
Potassium Adsorption Ratio (PAR)
Residual Carbonates (meq)

Sodium Percentage
Hardness (ppm)
Hardness Class
Alkalinity (ppm as CaCO3)

0
0
0
0

<1
1
0
<.01
3

4.9
5.4

4.9
0.0
0
0.0

11.3 %
1.3
Soft
2.8

Signature
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INTERPRETATION AND REQUIREMENTS FOR Irrigation Water

The total dissolved salt and sodium content of this water are low enough that no problem should result from its use.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-13 (Field Blank)

Location : Bird Creek (DI Water)
Osage County, OK

Lab ID No.: : 847168
Customer Code : 1361
Sample No. : 13
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Livestock Water

Analysis Sample Results Livestock Water Limits

Boron (ppm)  < DL* < 5 ppm 
Calcium (ppm) 0.48 No Guidelines
Chloride (ppm) 0.69 < 600 ppm 
Copper (ppm) <DL* <0.5 ppm 
Iron (ppm) < DL* No Guidelines
Magnesium (ppm) 0.02 No Guidelines
Manganese (ppm)  < DL* No Guidelines
Nitrate-N (ppm)  < DL* < 100 ppm 
Potassium (ppm)  < DL* No Guidelines
Sodium (ppm) 0.07 < 1000 ppm 
Sulfate (ppm) 0.23 <1000 ppm 
Zinc (ppm) < DL* < 25 ppm 

EC (µmhos/cm) 5.4 No Guidelines
ICAP_P ppm --- No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines1.3
Hardness Class No GuidelinesSoft
pH 4.9 5.5-9.0 
Total Dissolved Solids(TDS) (ppm) 4.9 <3000 ppm 

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.
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* DL : Detection Limit 

This water may be objectionable for some livestock because it does not fall between the guideline for pH of 5.5 to 9.0.
If pH is lower than 5.5,a reduction in feeding and acidosis may occur in cattle.The efficiency of chlorination is diminished when pH is high.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-13 (Field Blank)

Location : Bird Creek (DI Water)
Osage County, OK

Lab ID No.: : 847168
Customer Code : 1361
Sample No. : 13
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Household Water

Analysis Sample Results EPA Drinking Water Limits

Boron (ppm)  < DL* < 2.4
Calcium (ppm) 0.48 No Guidelines
Chloride (ppm) 0.69 < 250 ppm (#)
Copper (ppm) < DL* <1.0 ppm (#)
Iron (ppm) < DL* < 0.3 ppm (#)
Magnesium (ppm) 0.02 No Guidelines
Manganese (ppm)  < DL* < 0.05 ppm (#)
NO3N (ppm)  < DL* < 10 ppm 
Potassium (ppm)  < DL* No Guidelines
Sodium (ppm) 0.07 No Guidelines
Sulfate (ppm) 0.23 < 250 ppm (#)
Zinc (ppm) < DL* < 5.0 ppm (#)

EC (µmhos/cm) 5.4 No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines1.3
Hardness Class < 120Soft
pH 4.9 6.5 - 8.5 (#)
Sodium Percentage (%) 11.3 No Guidelines
Total Dissolved Solids (TDS) (ppm) 4.9 <500 ppm (#)

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.
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* DL : Detection Limit 

(#) Secondary standards are non-enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic effects. 
If any of the above analysis exceeds EPA standards, you should seek advice from the Oklahoma Department of Environmental Quality 
or local Health Department. 
This water analysis does NOT include testing for bacteria, organic chemicals, and heavy metals. This lab is not certified by DEQ 
for drinking water analysis.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-15 (Equipment Blank 1)

Location : Bird Creek (DI Water) 
Osage County, OK

Lab ID No.: : 847170
Customer Code : 1361
Sample No. : 15
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Irrigation Water

---------- Cations --------------- ----------- Anions ------------- ------------- Other --------------

------------ Derived Values ----------------- -------- Derived Values(cont'd) --------------

Sodium (ppm)
Calcium (ppm)
Magnesium (ppm)
Potassium (ppm)

Nitrate-N (ppm)
Chloride (ppm)
Sulfate (ppm)
Boron (ppm)
Bicarbonate (ppm)

pH
EC (µmhos/cm)

Total Dissolved Solids (TDS in ppm)
Sodium Adsorption Ratio (SAR)
Potassium Adsorption Ratio (PAR)
Residual Carbonates (meq)

Sodium Percentage
Hardness (ppm)
Hardness Class
Alkalinity (ppm as CaCO3)

0
0
0
0

<1
1
0
0.01
8

6.0
5.7

9.0
0.0
0
0.1

16.9 %
1.1
Soft
6.3

Signature
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INTERPRETATION AND REQUIREMENTS FOR Irrigation Water

The total dissolved salt and sodium content of this water are low enough that no problem should result from its use.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-15 (Equipment Blank 1)

Location : Bird Creek (DI Water) 
Osage County, OK

Lab ID No.: : 847170
Customer Code : 1361
Sample No. : 15
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Livestock Water

Analysis Sample Results Livestock Water Limits

Boron (ppm)  < DL* < 5 ppm 
Calcium (ppm) 0.42 No Guidelines
Chloride (ppm) 0.60 < 600 ppm 
Copper (ppm) <DL* <0.5 ppm 
Iron (ppm) < DL* No Guidelines
Magnesium (ppm) 0.03 No Guidelines
Manganese (ppm) <DL* No Guidelines
Nitrate-N (ppm)  < DL* < 100 ppm 
Potassium (ppm)  < DL* No Guidelines
Sodium (ppm) 0.11 < 1000 ppm 
Sulfate (ppm) 0.14 <1000 ppm 
Zinc (ppm) < DL* < 25 ppm 

EC (µmhos/cm) 5.7 No Guidelines
ICAP_P ppm --- No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines1.1
Hardness Class No GuidelinesSoft
pH 6.0 5.5-9.0 
Total Dissolved Solids(TDS) (ppm) 9.0 <3000 ppm 

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 8:37:22 AM

* DL : Detection Limit 
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-15 (Equipment Blank 1)

Location : Bird Creek (DI Water) 
Osage County, OK

Lab ID No.: : 847170
Customer Code : 1361
Sample No. : 15
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Household Water

Analysis Sample Results EPA Drinking Water Limits

Boron (ppm)  < DL* < 2.4
Calcium (ppm) 0.42 No Guidelines
Chloride (ppm) 0.60 < 250 ppm (#)
Copper (ppm) < DL* <1.0 ppm (#)
Iron (ppm) < DL* < 0.3 ppm (#)
Magnesium (ppm) 0.03 No Guidelines
Manganese (ppm)  < DL* < 0.05 ppm (#)
NO3N (ppm)  < DL* < 10 ppm 
Potassium (ppm)  < DL* No Guidelines
Sodium (ppm) 0.11 No Guidelines
Sulfate (ppm) 0.14 < 250 ppm (#)
Zinc (ppm) < DL* < 5.0 ppm (#)

EC (µmhos/cm) 5.7 No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines1.1
Hardness Class < 120Soft
pH 6.0 6.5 - 8.5 (#)
Sodium Percentage (%) 16.9 No Guidelines
Total Dissolved Solids (TDS) (ppm) 9.0 <500 ppm (#)

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.
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* DL : Detection Limit 

(#) Secondary standards are non-enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic effects. 
If any of the above analysis exceeds EPA standards, you should seek advice from the Oklahoma Department of Environmental Quality 
or local Health Department. 
This water analysis does NOT include testing for bacteria, organic chemicals, and heavy metals. This lab is not certified by DEQ 
for drinking water analysis.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-1 (Monitoring Station 1)

Location : 36.832660, -96.496177
Osage County, OK

Lab ID No.: : 847171
Customer Code : 1361
Sample No. : 1
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Irrigation Water

---------- Cations --------------- ----------- Anions ------------- ------------- Other --------------

------------ Derived Values ----------------- -------- Derived Values(cont'd) --------------

Sodium (ppm)
Calcium (ppm)
Magnesium (ppm)
Potassium (ppm)

Nitrate-N (ppm)
Chloride (ppm)
Sulfate (ppm)
Boron (ppm)
Bicarbonate (ppm)

pH
EC (µmhos/cm)

Total Dissolved Solids (TDS in ppm)
Sodium Adsorption Ratio (SAR)
Potassium Adsorption Ratio (PAR)

Sodium Percentage
Hardness (ppm)
Hardness Class
Alkalinity (ppm as CaCO3)

18
54
14
2

<1
4
30
0.07
233

8.3
430

355.6
0.6
0.0

17 %
193.4
Very Hard
190.6

Signature
Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs

to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.
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INTERPRETATION AND REQUIREMENTS FOR Irrigation Water

The total dissolved salt and sodium content of this water are low enough that no problem should result from its use.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-1 (Monitoring Station 1)

Location : 36.832660, -96.496177
Osage County, OK

Lab ID No.: : 847171
Customer Code : 1361
Sample No. : 1
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Livestock Water

Analysis Sample Results Livestock Water Limits

Boron (ppm) 0.07 < 5 ppm 
Calcium (ppm) 53.61 No Guidelines
Chloride (ppm) 4.41 < 600 ppm 
Copper (ppm) <DL* <0.5 ppm 
Iron (ppm) < DL* No Guidelines
Magnesium (ppm) 14.50 No Guidelines
Manganese (ppm)  < DL* No Guidelines
Nitrate-N (ppm)  < DL* < 100 ppm 
Potassium (ppm) 2 No Guidelines
Sodium (ppm) 18.26 < 1000 ppm 
Sulfate (ppm) 30.20 <1000 ppm 
Zinc (ppm) < DL* < 25 ppm 

EC (µmhos/cm) 430 No Guidelines
ICAP_P ppm --- No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines193.4
Hardness Class No GuidelinesVery Hard
pH 8.3 5.5-9.0 
Total Dissolved Solids(TDS) (ppm) 355.6 <3000 ppm 

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
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* DL : Detection Limit 
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-1 (Monitoring Station 1)

Location : 36.832660, -96.496177
Osage County, OK

Lab ID No.: : 847171
Customer Code : 1361
Sample No. : 1
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Household Water

Analysis Sample Results EPA Drinking Water Limits

Boron (ppm) 0.07 < 2.4
Calcium (ppm) 53.61 No Guidelines
Chloride (ppm) 4.41 < 250 ppm (#)
Copper (ppm) < DL* <1.0 ppm (#)
Iron (ppm) < DL* < 0.3 ppm (#)
Magnesium (ppm) 14.50 No Guidelines
Manganese (ppm)  < DL* < 0.05 ppm (#)
NO3N (ppm)  < DL* < 10 ppm 
Potassium (ppm) 2 No Guidelines
Sodium (ppm) 18.26 No Guidelines
Sulfate (ppm) 30.20 < 250 ppm (#)
Zinc (ppm) < DL* < 5.0 ppm (#)

EC (µmhos/cm) 430 No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines193.4
Hardness Class < 120Very Hard
pH 8.3 6.5 - 8.5 (#)
Sodium Percentage (%) 17 No Guidelines
Total Dissolved Solids (TDS) (ppm) 355.6 <500 ppm (#)

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.
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* DL : Detection Limit 

(#) Secondary standards are non-enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic effects. 
If any of the above analysis exceeds EPA standards, you should seek advice from the Oklahoma Department of Environmental Quality 
or local Health Department. 
This water analysis does NOT include testing for bacteria, organic chemicals, and heavy metals. This lab is not certified by DEQ 
for drinking water analysis.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-2 (Monitoring Station 2)

Location : 36.832135, -96.498664
Osage County, OK

Lab ID No.: : 847172
Customer Code : 1361
Sample No. : 2
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Irrigation Water

---------- Cations --------------- ----------- Anions ------------- ------------- Other --------------

------------ Derived Values ----------------- -------- Derived Values(cont'd) --------------

Sodium (ppm)
Calcium (ppm)
Magnesium (ppm)
Potassium (ppm)

Nitrate-N (ppm)
Chloride (ppm)
Sulfate (ppm)
Boron (ppm)
Bicarbonate (ppm)

pH
EC (µmhos/cm)

Total Dissolved Solids (TDS in ppm)
Sodium Adsorption Ratio (SAR)
Potassium Adsorption Ratio (PAR)

Sodium Percentage
Hardness (ppm)
Hardness Class
Alkalinity (ppm as CaCO3)

81
46
16
3

<1
118
33
0.09
193

7.9
787

519.4
2.6
0.1

49.5 %
180.6
Very Hard
158

Signature
Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs

to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.
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INTERPRETATION AND REQUIREMENTS FOR Irrigation Water

This water can be used satisfactorily for most crops if care is taken to prevent accumulation of soluble salts including sodium in the soil.  Good soil
management and irrigation practices should be followed.  This water can be used with little danger on permeable, well-drained soils.

If this water is used extensively, it is recommended that a soil sample be obtained every few years from the irrigated fields to determine the extent to which
sodium or salts may be accumulating and the need for special management practices.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-2 (Monitoring Station 2)

Location : 36.832135, -96.498664
Osage County, OK

Lab ID No.: : 847172
Customer Code : 1361
Sample No. : 2
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Livestock Water

Analysis Sample Results Livestock Water Limits

Boron (ppm) 0.09 < 5 ppm 
Calcium (ppm) 46.29 No Guidelines
Chloride (ppm) 117.55 < 600 ppm 
Copper (ppm) <DL* <0.5 ppm 
Iron (ppm) 0.03 No Guidelines
Magnesium (ppm) 15.83 No Guidelines
Manganese (ppm)  < DL* No Guidelines
Nitrate-N (ppm)  < DL* < 100 ppm 
Potassium (ppm) 3 No Guidelines
Sodium (ppm) 81.40 < 1000 ppm 
Sulfate (ppm) 32.84 <1000 ppm 
Zinc (ppm) < DL* < 25 ppm 

EC (µmhos/cm) 787 No Guidelines
ICAP_P ppm --- No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines180.6
Hardness Class No GuidelinesVery Hard
pH 7.9 5.5-9.0 
Total Dissolved Solids(TDS) (ppm) 519.4 <3000 ppm 

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.
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* DL : Detection Limit 

           Kendal Henderson

September 18, 2017 Bird Creek - Osage County, Oklahoma2-Lab, Dia & Meeting    102 of 516



CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-2 (Monitoring Station 2)

Location : 36.832135, -96.498664
Osage County, OK

Lab ID No.: : 847172
Customer Code : 1361
Sample No. : 2
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Household Water

Analysis Sample Results EPA Drinking Water Limits

Boron (ppm) 0.09 < 2.4
Calcium (ppm) 46.29 No Guidelines
Chloride (ppm) 117.55 < 250 ppm (#)
Copper (ppm) < DL* <1.0 ppm (#)
Iron (ppm) 0.03 < 0.3 ppm (#)
Magnesium (ppm) 15.83 No Guidelines
Manganese (ppm)  < DL* < 0.05 ppm (#)
NO3N (ppm)  < DL* < 10 ppm 
Potassium (ppm) 3 No Guidelines
Sodium (ppm) 81.40 No Guidelines
Sulfate (ppm) 32.84 < 250 ppm (#)
Zinc (ppm) < DL* < 5.0 ppm (#)

EC (µmhos/cm) 787 No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines180.6
Hardness Class < 120Very Hard
pH 7.9 6.5 - 8.5 (#)
Sodium Percentage (%) 49.5 No Guidelines
Total Dissolved Solids (TDS) (ppm) 519.4 <500 ppm (#)

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.
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* DL : Detection Limit 

(#) Secondary standards are non-enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic effects. 
If any of the above analysis exceeds EPA standards, you should seek advice from the Oklahoma Department of Environmental Quality 
or local Health Department. 
This water analysis does NOT include testing for bacteria, organic chemicals, and heavy metals. This lab is not certified by DEQ 
for drinking water analysis.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-3 (Monitoring Station 3)

Location : 36.830668, -96.499461
Osage County, OK

Lab ID No.: : 847173
Customer Code : 1361
Sample No. : 3
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Irrigation Water

---------- Cations --------------- ----------- Anions ------------- ------------- Other --------------

------------ Derived Values ----------------- -------- Derived Values(cont'd) --------------

Sodium (ppm)
Calcium (ppm)
Magnesium (ppm)
Potassium (ppm)

Nitrate-N (ppm)
Chloride (ppm)
Sulfate (ppm)
Boron (ppm)
Bicarbonate (ppm)

pH
EC (µmhos/cm)

Total Dissolved Solids (TDS in ppm)
Sodium Adsorption Ratio (SAR)
Potassium Adsorption Ratio (PAR)

Sodium Percentage
Hardness (ppm)
Hardness Class
Alkalinity (ppm as CaCO3)

525
158
31
3

<1
1029
36
0.10
280

7.7
3770

2488.2
10.0
0.0

68.6 %
521.7
Very Hard
229.8

Signature
Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs

to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:04:57 PM

INTERPRETATION AND REQUIREMENTS FOR Irrigation Water

This water is generally unsatisfactory for irrigation use.  It may be used for irrigation only under very special conditions and on the advice of a technician 
trained in irrigation water use.  Use of this water should be confined to occasional use as a supplemental source of water on well-drained soils.  It is not
recommended for use on medium and heavy textured soils

If this water is used extensively, it is recommended that a soil sample be obtained every few years from the irrigated fields to determine the extent to which
sodium or salts may be accumulating and the need for special management practices.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-3 (Monitoring Station 3)

Location : 36.830668, -96.499461
Osage County, OK

Lab ID No.: : 847173
Customer Code : 1361
Sample No. : 3
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Livestock Water

Analysis Sample Results Livestock Water Limits

Boron (ppm) 0.10 < 5 ppm 
Calcium (ppm) 157.68 No Guidelines
Chloride (ppm) 1028.55 < 600 ppm 
Copper (ppm) <DL* <0.5 ppm 
Iron (ppm) < DL* No Guidelines
Magnesium (ppm) 31.18 No Guidelines
Manganese (ppm)  < DL* No Guidelines
Nitrate-N (ppm)  < DL* < 100 ppm 
Potassium (ppm) 3 No Guidelines
Sodium (ppm) 524.72 < 1000 ppm 
Sulfate (ppm) 36.31 <1000 ppm 
Zinc (ppm) < DL* < 25 ppm 

EC (µmhos/cm) 3770 No Guidelines
ICAP_P ppm --- No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines521.7
Hardness Class No GuidelinesVery Hard
pH 7.7 5.5-9.0 
Total Dissolved Solids(TDS) (ppm) 2488.2 <3000 ppm 

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:05:30 PM

* DL : Detection Limit 

This water may be objectionable because it exceeds the guideline of 600mg Chloride/L
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-3 (Monitoring Station 3)

Location : 36.830668, -96.499461
Osage County, OK

Lab ID No.: : 847173
Customer Code : 1361
Sample No. : 3
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Household Water

Analysis Sample Results EPA Drinking Water Limits

Boron (ppm) 0.10 < 2.4
Calcium (ppm) 157.68 No Guidelines
Chloride (ppm) 1028.55 < 250 ppm (#)
Copper (ppm) < DL* <1.0 ppm (#)
Iron (ppm) < DL* < 0.3 ppm (#)
Magnesium (ppm) 31.18 No Guidelines
Manganese (ppm)  < DL* < 0.05 ppm (#)
NO3N (ppm)  < DL* < 10 ppm 
Potassium (ppm) 3 No Guidelines
Sodium (ppm) 524.72 No Guidelines
Sulfate (ppm) 36.31 < 250 ppm (#)
Zinc (ppm) < DL* < 5.0 ppm (#)

EC (µmhos/cm) 3770 No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines521.7
Hardness Class < 120Very Hard
pH 7.7 6.5 - 8.5 (#)
Sodium Percentage (%) 68.6 No Guidelines
Total Dissolved Solids (TDS) (ppm) 2488.2 <500 ppm (#)

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:05:56 PM

* DL : Detection Limit 

(#) Secondary standards are non-enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic effects. 
If any of the above analysis exceeds EPA standards, you should seek advice from the Oklahoma Department of Environmental Quality 
or local Health Department. 
This water analysis does NOT include testing for bacteria, organic chemicals, and heavy metals. This lab is not certified by DEQ 
for drinking water analysis.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-4 (Monitoring Station 4)

Location : 36.829906, -96.500244
Osage County, OK

Lab ID No.: : 847174
Customer Code : 1361
Sample No. : 4
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Irrigation Water

---------- Cations --------------- ----------- Anions ------------- ------------- Other --------------

------------ Derived Values ----------------- -------- Derived Values(cont'd) --------------

Sodium (ppm)
Calcium (ppm)
Magnesium (ppm)
Potassium (ppm)

Nitrate-N (ppm)
Chloride (ppm)
Sulfate (ppm)
Boron (ppm)
Bicarbonate (ppm)

pH
EC (µmhos/cm)

Total Dissolved Solids (TDS in ppm)
Sodium Adsorption Ratio (SAR)
Potassium Adsorption Ratio (PAR)

Sodium Percentage
Hardness (ppm)
Hardness Class
Alkalinity (ppm as CaCO3)

665
548
93
4

<1
2145
31
0.08
172

7.6
6900

4554
6.9
0.0

45.3 %
1749.5
Very Hard
141.0

Signature
Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs

to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:08:05 PM

INTERPRETATION AND REQUIREMENTS FOR Irrigation Water

Water of this quality is not recommended for crop irrigation due to its high total dissolved salts and/or sodium level.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-4 (Monitoring Station 4)

Location : 36.829906, -96.500244
Osage County, OK

Lab ID No.: : 847174
Customer Code : 1361
Sample No. : 4
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Livestock Water

Analysis Sample Results Livestock Water Limits

Boron (ppm) 0.08 < 5 ppm 
Calcium (ppm) 548.11 No Guidelines
Chloride (ppm) 2144.58 < 600 ppm 
Copper (ppm) <DL* <0.5 ppm 
Iron (ppm) < DL* No Guidelines
Magnesium (ppm) 92.83 No Guidelines
Manganese (ppm) 0.02 No Guidelines
Nitrate-N (ppm)  < DL* < 100 ppm 
Potassium (ppm) 4 No Guidelines
Sodium (ppm) 665.15 < 1000 ppm 
Sulfate (ppm) 31.47 <1000 ppm 
Zinc (ppm) < DL* < 25 ppm 

EC (µmhos/cm) 6900 No Guidelines
ICAP_P ppm --- No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines1749.5
Hardness Class No GuidelinesVery Hard
pH 7.6 5.5-9.0 
Total Dissolved Solids(TDS) (ppm) 4554 <3000 ppm 

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:08:38 PM

* DL : Detection Limit 

This water is considered unacceptable for some animals because it exceeds the guidline of 3000 mg/L total dissolved salts. See L-256
for more details.
This water may be objectionable because it exceeds the guideline of 600mg Chloride/L
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-4 (Monitoring Station 4)

Location : 36.829906, -96.500244
Osage County, OK

Lab ID No.: : 847174
Customer Code : 1361
Sample No. : 4
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Household Water

Analysis Sample Results EPA Drinking Water Limits

Boron (ppm) 0.08 < 2.4
Calcium (ppm) 548.11 No Guidelines
Chloride (ppm) 2144.58 < 250 ppm (#)
Copper (ppm) < DL* <1.0 ppm (#)
Iron (ppm) < DL* < 0.3 ppm (#)
Magnesium (ppm) 92.83 No Guidelines
Manganese (ppm) 0.02 < 0.05 ppm (#)
NO3N (ppm)  < DL* < 10 ppm 
Potassium (ppm) 4 No Guidelines
Sodium (ppm) 665.15 No Guidelines
Sulfate (ppm) 31.47 < 250 ppm (#)
Zinc (ppm) < DL* < 5.0 ppm (#)

EC (µmhos/cm) 6900 No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines1749.5
Hardness Class < 120Very Hard
pH 7.6 6.5 - 8.5 (#)
Sodium Percentage (%) 45.3 No Guidelines
Total Dissolved Solids (TDS) (ppm) 4554 <500 ppm (#)

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:09:04 PM

* DL : Detection Limit 

(#) Secondary standards are non-enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic effects. 
If any of the above analysis exceeds EPA standards, you should seek advice from the Oklahoma Department of Environmental Quality 
or local Health Department. 
This water analysis does NOT include testing for bacteria, organic chemicals, and heavy metals. This lab is not certified by DEQ 
for drinking water analysis.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-5 (Monitoring Station 6)

Location : 36.827810, -96.501613
Osage County, OK

Lab ID No.: : 847175
Customer Code : 1361
Sample No. : 5
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Irrigation Water

---------- Cations --------------- ----------- Anions ------------- ------------- Other --------------

------------ Derived Values ----------------- -------- Derived Values(cont'd) --------------

Sodium (ppm)
Calcium (ppm)
Magnesium (ppm)
Potassium (ppm)

Nitrate-N (ppm)
Chloride (ppm)
Sulfate (ppm)
Boron (ppm)
Bicarbonate (ppm)

pH
EC (µmhos/cm)

Total Dissolved Solids (TDS in ppm)
Sodium Adsorption Ratio (SAR)
Potassium Adsorption Ratio (PAR)

Sodium Percentage
Hardness (ppm)
Hardness Class
Alkalinity (ppm as CaCO3)

14529
2441
873
38

<1
27740
47
2.18
61

7.2
69300

45738
64.2
0.1

76.5 %
9681.9
Very Hard
49.7

Signature
Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs

to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:11:00 PM

INTERPRETATION AND REQUIREMENTS FOR Irrigation Water

Water of this quality is not recommended for crop irrigation due to its high total dissolved salts and/or sodium level.
This water is not recommended for irrigation use because of its high boron content.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-5 (Monitoring Station 6)

Location : 36.827810, -96.501613
Osage County, OK

Lab ID No.: : 847175
Customer Code : 1361
Sample No. : 5
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Livestock Water

Analysis Sample Results Livestock Water Limits

Boron (ppm) 2.18 < 5 ppm 
Calcium (ppm) 2441.04 No Guidelines
Chloride (ppm) 27740.2 < 600 ppm 
Copper (ppm) 0.04 < 0.5 ppm 
Iron (ppm) 0.02 No Guidelines
Magnesium (ppm) 872.90 No Guidelines
Manganese (ppm) <DL* No Guidelines
Nitrate-N (ppm) 0.44 < 100 ppm
Potassium (ppm) 38 No Guidelines
Sodium (ppm) 14529 < 1000 ppm 
Sulfate (ppm) 46.72 <1000 ppm 
Zinc (ppm) 0.04 < 25 ppm 

EC (µmhos/cm) 69300 No Guidelines
ICAP_P ppm --- No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines9681.9
Hardness Class No GuidelinesVery Hard
pH 7.2 5.5-9.0 
Total Dissolved Solids(TDS) (ppm) 45738 <3000 ppm 

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:11:30 PM

* DL : Detection Limit 

This water may be objectionable because it is less than the guideline of 1000mg Na/L.
Serious effects including death become likely at 5000mg/L.We recommend keeping drinking water Na concentration 
less than 1000mg/L(chronic exposure criteria).This assumes normal feedstuff Na concentration and no other water sources;these concentrations 
should protect against acute lethality or chronically poor performance.Short term exposure(days-weeks) should not exceed 4000 mg Na/L
This water may be objectionable because it exceeds the guideline of 600mg Chloride/L
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-5 (Monitoring Station 6)

Location : 36.827810, -96.501613
Osage County, OK

Lab ID No.: : 847175
Customer Code : 1361
Sample No. : 5
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Household Water

Analysis Sample Results EPA Drinking Water Limits

Boron (ppm) 2.18 < 2.4
Calcium (ppm) 2441.04 No Guidelines
Chloride (ppm) 27740.2 < 250 ppm (#)
Copper (ppm) 0.04 < 1.0 ppm (#)
Iron (ppm) 0.02 < 0.3 ppm (#)
Magnesium (ppm) 872.90 No Guidelines
Manganese (ppm)  < DL* < 0.05 ppm (#)
Nitrate-N (ppm) 0.44 < 10 ppm 
Potassium (ppm) 38 No Guidelines
Sodium (ppm) 14529 No Guidelines
Sulfate (ppm) 46.72 < 250 ppm (#)
Zinc (ppm) 0.04 < 5.0 ppm (#)

EC (µmhos/cm) 69300 No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines9681.9
Hardness Class < 120Very Hard
pH 7.2 6.5 - 8.5 (#)
Sodium Percentage (%) 76.5 No Guidelines
Total Dissolved Solids (TDS) (ppm) 45738 <500 ppm (#)

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:11:54 PM

* DL : Detection Limit 

(#) Secondary standards are non-enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic effects. 
If any of the above analysis exceeds EPA standards, you should seek advice from the Oklahoma Department of Environmental Quality 
or local Health Department. 
This water analysis does NOT include testing for bacteria, organic chemicals, and heavy metals. This lab is not certified by DEQ 
for drinking water analysis.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-7 (Replicate 1 of WS-5)

Location : 36.827810, -96.501613
Osage County, OK

Lab ID No.: : 847176
Customer Code : 1361
Sample No. : 7
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Irrigation Water

---------- Cations --------------- ----------- Anions ------------- ------------- Other --------------

------------ Derived Values ----------------- -------- Derived Values(cont'd) --------------

Sodium (ppm)
Calcium (ppm)
Magnesium (ppm)
Potassium (ppm)

Nitrate-N (ppm)
Chloride (ppm)
Sulfate (ppm)
Boron (ppm)
Bicarbonate (ppm)

pH
EC (µmhos/cm)

Total Dissolved Solids (TDS in ppm)
Sodium Adsorption Ratio (SAR)
Potassium Adsorption Ratio (PAR)

Sodium Percentage
Hardness (ppm)
Hardness Class
Alkalinity (ppm as CaCO3)

14548
2424
870
38

<1
27734
47
2.16
61

7.2
69900

46134
64.5
0.1

76.7 %
9627.0
Very Hard
50.3

Signature
Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs

to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:15:45 PM

INTERPRETATION AND REQUIREMENTS FOR Irrigation Water

Water of this quality is not recommended for crop irrigation due to its high total dissolved salts and/or sodium level.
This water is not recommended for irrigation use because of its high boron content.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-7 (Replicate 1 of WS-5)

Location : 36.827810, -96.501613
Osage County, OK

Lab ID No.: : 847176
Customer Code : 1361
Sample No. : 7
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Livestock Water

Analysis Sample Results Livestock Water Limits

Boron (ppm) 2.16 < 5 ppm 
Calcium (ppm) 2424.43 No Guidelines
Chloride (ppm) 27733.7 < 600 ppm 
Copper (ppm) 0.04 < 0.5 ppm 
Iron (ppm) 0.02 No Guidelines
Magnesium (ppm) 869.61 No Guidelines
Manganese (ppm) <DL* No Guidelines
Nitrate-N (ppm) 0.40 < 100 ppm
Potassium (ppm) 38 No Guidelines
Sodium (ppm) 14547.7 < 1000 ppm 
Sulfate (ppm) 46.66 <1000 ppm 
Zinc (ppm) 0.04 < 25 ppm 

EC (µmhos/cm) 69900 No Guidelines
ICAP_P ppm --- No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines9627.0
Hardness Class No GuidelinesVery Hard
pH 7.2 5.5-9.0 
Total Dissolved Solids(TDS) (ppm) 46134 <3000 ppm 

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:17:28 PM

* DL : Detection Limit 

This water may be objectionable because it is less than the guideline of 1000mg Na/L.
Serious effects including death become likely at 5000mg/L.We recommend keeping drinking water Na concentration 
less than 1000mg/L(chronic exposure criteria).This assumes normal feedstuff Na concentration and no other water sources;these concentrations 
should protect against acute lethality or chronically poor performance.Short term exposure(days-weeks) should not exceed 4000 mg Na/L
This water may be objectionable because it exceeds the guideline of 600mg Chloride/L
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-7 (Replicate 1 of WS-5)

Location : 36.827810, -96.501613
Osage County, OK

Lab ID No.: : 847176
Customer Code : 1361
Sample No. : 7
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Household Water

Analysis Sample Results EPA Drinking Water Limits

Boron (ppm) 2.16 < 2.4
Calcium (ppm) 2424.43 No Guidelines
Chloride (ppm) 27733.7 < 250 ppm (#)
Copper (ppm) 0.04 < 1.0 ppm (#)
Iron (ppm) 0.02 < 0.3 ppm (#)
Magnesium (ppm) 869.61 No Guidelines
Manganese (ppm)  < DL* < 0.05 ppm (#)
Nitrate-N (ppm) 0.40 < 10 ppm 
Potassium (ppm) 38 No Guidelines
Sodium (ppm) 14547.7 No Guidelines
Sulfate (ppm) 46.66 < 250 ppm (#)
Zinc (ppm) 0.04 < 5.0 ppm (#)

EC (µmhos/cm) 69900 No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines9627.0
Hardness Class < 120Very Hard
pH 7.2 6.5 - 8.5 (#)
Sodium Percentage (%) 76.7 No Guidelines
Total Dissolved Solids (TDS) (ppm) 46134 <500 ppm (#)

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:18:38 PM

* DL : Detection Limit 

(#) Secondary standards are non-enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic effects. 
If any of the above analysis exceeds EPA standards, you should seek advice from the Oklahoma Department of Environmental Quality 
or local Health Department. 
This water analysis does NOT include testing for bacteria, organic chemicals, and heavy metals. This lab is not certified by DEQ 
for drinking water analysis.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-6 (Monitoring Station 7)

Location : 36.825031, -96.499648
Osage County, OK

Lab ID No.: : 847177
Customer Code : 1361
Sample No. : 6
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Irrigation Water

---------- Cations --------------- ----------- Anions ------------- ------------- Other --------------

------------ Derived Values ----------------- -------- Derived Values(cont'd) --------------

Sodium (ppm)
Calcium (ppm)
Magnesium (ppm)
Potassium (ppm)

Nitrate-N (ppm)
Chloride (ppm)
Sulfate (ppm)
Boron (ppm)
Bicarbonate (ppm)

pH
EC (µmhos/cm)

Total Dissolved Solids (TDS in ppm)
Sodium Adsorption Ratio (SAR)
Potassium Adsorption Ratio (PAR)

Sodium Percentage
Hardness (ppm)
Hardness Class
Alkalinity (ppm as CaCO3)

392
131
33
3

<1
765
29
0.12
155

8.0
2810

1854.6
7.9
0.0

64.8 %
462.8
Very Hard
127

Signature
Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs

to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:22:07 PM

INTERPRETATION AND REQUIREMENTS FOR Irrigation Water

This water is generally of sufficiently low quality that its use is considerably restricted.  It may be used safely only on very well-drained permeable soils 
and on salt tolerant crops.  It requires careful irrigation practices including applications of excess irrigation water to keep the soil leached of salt when
rainfall is insufficient to provide leaching.

Good soil management practices must be used to maintain good physical structure in the soil and to maintain
a high level of fertility.  Use of this water on medium textured soils may result in problems if care is not exercised.  This water is not recommended for
heavy textured soils.

If this water is used extensively, it is recommended that a soil sample be obtained every few years from the irrigated fields to determine the extent to which
sodium or salts may be accumulating and the need for special management practices.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-6 (Monitoring Station 7)

Location : 36.825031, -96.499648
Osage County, OK

Lab ID No.: : 847177
Customer Code : 1361
Sample No. : 6
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Livestock Water

Analysis Sample Results Livestock Water Limits

Boron (ppm) 0.12 < 5 ppm 
Calcium (ppm) 130.78 No Guidelines
Chloride (ppm) 764.72 < 600 ppm 
Copper (ppm) <DL* <0.5 ppm 
Iron (ppm) < DL* No Guidelines
Magnesium (ppm) 33.18 No Guidelines
Manganese (ppm)  < DL* No Guidelines
Nitrate-N (ppm)  < DL* < 100 ppm 
Potassium (ppm) 3 No Guidelines
Sodium (ppm) 391.73 < 1000 ppm 
Sulfate (ppm) 29.26 <1000 ppm 
Zinc (ppm) < DL* < 25 ppm 

EC (µmhos/cm) 2810 No Guidelines
ICAP_P ppm --- No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines462.8
Hardness Class No GuidelinesVery Hard
pH 8.0 5.5-9.0 
Total Dissolved Solids(TDS) (ppm) 1854.6 <3000 ppm 

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:22:44 PM

* DL : Detection Limit 

This water may be objectionable because it exceeds the guideline of 600mg Chloride/L
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-6 (Monitoring Station 7)

Location : 36.825031, -96.499648
Osage County, OK

Lab ID No.: : 847177
Customer Code : 1361
Sample No. : 6
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Household Water

Analysis Sample Results EPA Drinking Water Limits

Boron (ppm) 0.12 < 2.4
Calcium (ppm) 130.78 No Guidelines
Chloride (ppm) 764.72 < 250 ppm (#)
Copper (ppm) < DL* <1.0 ppm (#)
Iron (ppm) < DL* < 0.3 ppm (#)
Magnesium (ppm) 33.18 No Guidelines
Manganese (ppm)  < DL* < 0.05 ppm (#)
NO3N (ppm)  < DL* < 10 ppm 
Potassium (ppm) 3 No Guidelines
Sodium (ppm) 391.73 No Guidelines
Sulfate (ppm) 29.26 < 250 ppm (#)
Zinc (ppm) < DL* < 5.0 ppm (#)

EC (µmhos/cm) 2810 No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines462.8
Hardness Class < 120Very Hard
pH 8.0 6.5 - 8.5 (#)
Sodium Percentage (%) 64.8 No Guidelines
Total Dissolved Solids (TDS) (ppm) 1854.6 <500 ppm (#)

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 3:22:26 PM

* DL : Detection Limit 

(#) Secondary standards are non-enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic effects. 
If any of the above analysis exceeds EPA standards, you should seek advice from the Oklahoma Department of Environmental Quality 
or local Health Department. 
This water analysis does NOT include testing for bacteria, organic chemicals, and heavy metals. This lab is not certified by DEQ 
for drinking water analysis.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-16 (Equipment Blank 2)

Location : Bird Creek (DI Water)
Osage County, OK

Lab ID No.: : 847178
Customer Code : 1361
Sample No. : 16
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Irrigation Water

---------- Cations --------------- ----------- Anions ------------- ------------- Other --------------

------------ Derived Values ----------------- -------- Derived Values(cont'd) --------------

Sodium (ppm)
Calcium (ppm)
Magnesium (ppm)
Potassium (ppm)

Nitrate-N (ppm)
Chloride (ppm)
Sulfate (ppm)
Boron (ppm)
Bicarbonate (ppm)

pH
EC (µmhos/cm)

Total Dissolved Solids (TDS in ppm)
Sodium Adsorption Ratio (SAR)
Potassium Adsorption Ratio (PAR)
Residual Carbonates (meq)

Sodium Percentage
Hardness (ppm)
Hardness Class
Alkalinity (ppm as CaCO3)

0
0
0
0

<1
1
0
<.01
7

5.3
6.0

8.8
0.1
0
0.1

32.2 %
1.3
Soft
5.5

Signature
Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs

to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:27:10 PM

INTERPRETATION AND REQUIREMENTS FOR Irrigation Water

The total dissolved salt and sodium content of this water are low enough that no problem should result from its use.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-16 (Equipment Blank 2)

Location : Bird Creek (DI Water)
Osage County, OK

Lab ID No.: : 847178
Customer Code : 1361
Sample No. : 16
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Livestock Water

Analysis Sample Results Livestock Water Limits

Boron (ppm)  < DL* < 5 ppm 
Calcium (ppm) 0.49 No Guidelines
Chloride (ppm) 1.20 < 600 ppm 
Copper (ppm) <DL* <0.5 ppm 
Iron (ppm) < DL* No Guidelines
Magnesium (ppm) 0.02 No Guidelines
Manganese (ppm)  < DL* No Guidelines
Nitrate-N (ppm)  < DL* < 100 ppm 
Potassium (ppm)  < DL* No Guidelines
Sodium (ppm) 0.28 < 1000 ppm 
Sulfate (ppm) 0.14 <1000 ppm 
Zinc (ppm) < DL* < 25 ppm 

EC (µmhos/cm) 6.0 No Guidelines
ICAP_P ppm --- No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines1.3
Hardness Class No GuidelinesSoft
pH 5.3 5.5-9.0 
Total Dissolved Solids(TDS) (ppm) 8.8 <3000 ppm 

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:29:15 PM

* DL : Detection Limit 

This water may be objectionable for some livestock because it does not fall between the guideline for pH of 5.5 to 9.0.
If pH is lower than 5.5,a reduction in feeding and acidosis may occur in cattle.The efficiency of chlorination is diminished when pH is high.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-16 (Equipment Blank 2)

Location : Bird Creek (DI Water)
Osage County, OK

Lab ID No.: : 847178
Customer Code : 1361
Sample No. : 16
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Household Water

Analysis Sample Results EPA Drinking Water Limits

Boron (ppm)  < DL* < 2.4
Calcium (ppm) 0.49 No Guidelines
Chloride (ppm) 1.20 < 250 ppm (#)
Copper (ppm) < DL* <1.0 ppm (#)
Iron (ppm) < DL* < 0.3 ppm (#)
Magnesium (ppm) 0.02 No Guidelines
Manganese (ppm)  < DL* < 0.05 ppm (#)
NO3N (ppm)  < DL* < 10 ppm 
Potassium (ppm)  < DL* No Guidelines
Sodium (ppm) 0.28 No Guidelines
Sulfate (ppm) 0.14 < 250 ppm (#)
Zinc (ppm) < DL* < 5.0 ppm (#)

EC (µmhos/cm) 6.0 No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines1.3
Hardness Class < 120Soft
pH 5.3 6.5 - 8.5 (#)
Sodium Percentage (%) 32.2 No Guidelines
Total Dissolved Solids (TDS) (ppm) 8.8 <500 ppm (#)

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:29:49 PM

* DL : Detection Limit 

(#) Secondary standards are non-enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic effects. 
If any of the above analysis exceeds EPA standards, you should seek advice from the Oklahoma Department of Environmental Quality 
or local Health Department. 
This water analysis does NOT include testing for bacteria, organic chemicals, and heavy metals. This lab is not certified by DEQ 
for drinking water analysis.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-11 (East Domestic WW)

Location : 36.828592, -96.493931
Osage County, OK

Lab ID No.: : 847180
Customer Code : 1361
Sample No. : 11
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Irrigation Water

---------- Cations --------------- ----------- Anions ------------- ------------- Other --------------

------------ Derived Values ----------------- -------- Derived Values(cont'd) --------------

Sodium (ppm)
Calcium (ppm)
Magnesium (ppm)
Potassium (ppm)

Nitrate-N (ppm)
Chloride (ppm)
Sulfate (ppm)
Boron (ppm)
Bicarbonate (ppm)
Carbonate (ppm)

pH
EC (µmhos/cm)

Total Dissolved Solids (TDS in ppm)
Sodium Adsorption Ratio (SAR)
Potassium Adsorption Ratio (PAR)
Residual Carbonates (meq)

Sodium Percentage
Hardness (ppm)
Hardness Class
Alkalinity (ppm as CaCO3)

229
3
1
1

<1
101
20
0.45
348
23.8

8.8
967

726.3
32.9
0.1
6.3

98.2 %
9.2
Soft
324.8

Signature
Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs

to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:32:51 PM

INTERPRETATION AND REQUIREMENTS FOR Irrigation Water

Water of this quality is not recommended for crop irrigation due to its high total dissolved salts and/or sodium level.
Residual carbonates are present in excess amounts lowering water quality to unsuitabe.
Water with too high residual carbonates may contain effective sodium in excess of that indicated by the sodium percentage of the water.  The calcium and 
magnesium may precipitate out as lime, thus increasing the percentage of sodium.

           Kendal Henderson

September 18, 2017 Bird Creek - Osage County, Oklahoma2-Lab, Dia & Meeting    122 of 516



CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-11 (East Domestic WW)

Location : 36.828592, -96.493931
Osage County, OK

Lab ID No.: : 847180
Customer Code : 1361
Sample No. : 11
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Livestock Water

Analysis Sample Results Livestock Water Limits

Boron (ppm) 0.45 < 5 ppm 
Calcium (ppm) 2.55 No Guidelines
Chloride (ppm) 100.54 < 600 ppm 
Copper (ppm) <DL* <0.5 ppm 
Iron (ppm) < DL* No Guidelines
Magnesium (ppm) 0.68 No Guidelines
Manganese (ppm)  < DL* No Guidelines
Nitrate-N (ppm)  < DL* < 100 ppm 
Potassium (ppm) 1 No Guidelines
Sodium (ppm) 229.39 < 1000 ppm 
Sulfate (ppm) 20.48 <1000 ppm 
Zinc (ppm) < DL* < 25 ppm 

EC (µmhos/cm) 967 No Guidelines
ICAP_P ppm --- No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines9.2
Hardness Class No GuidelinesSoft
pH 8.8 5.5-9.0 
Total Dissolved Solids(TDS) (ppm) 726.3 <3000 ppm 

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:33:27 PM

* DL : Detection Limit 
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-11 (East Domestic WW)

Location : 36.828592, -96.493931
Osage County, OK

Lab ID No.: : 847180
Customer Code : 1361
Sample No. : 11
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Household Water

Analysis Sample Results EPA Drinking Water Limits

Boron (ppm) 0.45 < 2.4
Calcium (ppm) 2.55 No Guidelines
Chloride (ppm) 100.54 < 250 ppm (#)
Copper (ppm) < DL* <1.0 ppm (#)
Iron (ppm) < DL* < 0.3 ppm (#)
Magnesium (ppm) 0.68 No Guidelines
Manganese (ppm)  < DL* < 0.05 ppm (#)
NO3N (ppm)  < DL* < 10 ppm 
Potassium (ppm) 1 No Guidelines
Sodium (ppm) 229.39 No Guidelines
Sulfate (ppm) 20.48 < 250 ppm (#)
Zinc (ppm) < DL* < 5.0 ppm (#)

EC (µmhos/cm) 967 No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines9.2
Hardness Class < 120Soft
pH 8.8 6.5 - 8.5 (#)
Sodium Percentage (%) 98.2 No Guidelines
Total Dissolved Solids (TDS) (ppm) 726.3 <500 ppm (#)

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:33:51 PM

* DL : Detection Limit 

(#) Secondary standards are non-enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic effects. 
If any of the above analysis exceeds EPA standards, you should seek advice from the Oklahoma Department of Environmental Quality 
or local Health Department. 
This water analysis does NOT include testing for bacteria, organic chemicals, and heavy metals. This lab is not certified by DEQ 
for drinking water analysis.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-14(Replicate 2 of WS-11)

Location : 36.828592, -96.493931
Osage County, OK

Lab ID No.: : 847181
Customer Code : 1361
Sample No. : 14
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Irrigation Water

---------- Cations --------------- ----------- Anions ------------- ------------- Other --------------

------------ Derived Values ----------------- -------- Derived Values(cont'd) --------------

Sodium (ppm)
Calcium (ppm)
Magnesium (ppm)
Potassium (ppm)

Nitrate-N (ppm)
Chloride (ppm)
Sulfate (ppm)
Boron (ppm)
Bicarbonate (ppm)
Carbonate (ppm)

pH
EC (µmhos/cm)

Total Dissolved Solids (TDS in ppm)
Sodium Adsorption Ratio (SAR)
Potassium Adsorption Ratio (PAR)
Residual Carbonates (meq)

Sodium Percentage
Hardness (ppm)
Hardness Class
Alkalinity (ppm as CaCO3)

233
3
1
1

<1
98
20
0.45
345
24.1

8.8
988

725.1
33.3
0.1
6.3

98.2 %
9.3
Soft
323.1

Signature
Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs

to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:37:50 PM

INTERPRETATION AND REQUIREMENTS FOR Irrigation Water

Water of this quality is not recommended for crop irrigation due to its high total dissolved salts and/or sodium level.
Residual carbonates are present in excess amounts lowering water quality to unsuitabe.
Water with too high residual carbonates may contain effective sodium in excess of that indicated by the sodium percentage of the water.  The calcium and 
magnesium may precipitate out as lime, thus increasing the percentage of sodium.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-14(Replicate 2 of WS-11)

Location : 36.828592, -96.493931
Osage County, OK

Lab ID No.: : 847181
Customer Code : 1361
Sample No. : 14
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Livestock Water

Analysis Sample Results Livestock Water Limits

Boron (ppm) 0.45 < 5 ppm 
Calcium (ppm) 2.60 No Guidelines
Chloride (ppm) 97.73 < 600 ppm 
Copper (ppm) <DL* <0.5 ppm 
Iron (ppm) < DL* No Guidelines
Magnesium (ppm) 0.68 No Guidelines
Manganese (ppm)  < DL* No Guidelines
Nitrate-N (ppm)  < DL* < 100 ppm 
Potassium (ppm) 1 No Guidelines
Sodium (ppm) 233.31 < 1000 ppm 
Sulfate (ppm) 20.45 <1000 ppm 
Zinc (ppm) < DL* < 25 ppm 

EC (µmhos/cm) 988 No Guidelines
ICAP_P ppm --- No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines9.3
Hardness Class No GuidelinesSoft
pH 8.8 5.5-9.0 
Total Dissolved Solids(TDS) (ppm) 725.1 <3000 ppm 

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:38:51 PM

* DL : Detection Limit 
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-14(Replicate 2 of WS-11)

Location : 36.828592, -96.493931
Osage County, OK

Lab ID No.: : 847181
Customer Code : 1361
Sample No. : 14
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Household Water

Analysis Sample Results EPA Drinking Water Limits

Boron (ppm) 0.45 < 2.4
Calcium (ppm) 2.60 No Guidelines
Chloride (ppm) 97.73 < 250 ppm (#)
Copper (ppm) < DL* <1.0 ppm (#)
Iron (ppm) < DL* < 0.3 ppm (#)
Magnesium (ppm) 0.68 No Guidelines
Manganese (ppm)  < DL* < 0.05 ppm (#)
NO3N (ppm)  < DL* < 10 ppm 
Potassium (ppm) 1 No Guidelines
Sodium (ppm) 233.31 No Guidelines
Sulfate (ppm) 20.45 < 250 ppm (#)
Zinc (ppm) < DL* < 5.0 ppm (#)

EC (µmhos/cm) 988 No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines9.3
Hardness Class < 120Soft
pH 8.8 6.5 - 8.5 (#)
Sodium Percentage (%) 98.2 No Guidelines
Total Dissolved Solids (TDS) (ppm) 725.1 <500 ppm (#)

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:39:33 PM

* DL : Detection Limit 

(#) Secondary standards are non-enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic effects. 
If any of the above analysis exceeds EPA standards, you should seek advice from the Oklahoma Department of Environmental Quality 
or local Health Department. 
This water analysis does NOT include testing for bacteria, organic chemicals, and heavy metals. This lab is not certified by DEQ 
for drinking water analysis.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-12 (West Domestic WW)

Location : 36.833258, -96.504278
Osage County, OK

Lab ID No.: : 847182
Customer Code : 1361
Sample No. : 12
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Irrigation Water

---------- Cations --------------- ----------- Anions ------------- ------------- Other --------------

------------ Derived Values ----------------- -------- Derived Values(cont'd) --------------

Sodium (ppm)
Calcium (ppm)
Magnesium (ppm)
Potassium (ppm)

Nitrate-N (ppm)
Chloride (ppm)
Sulfate (ppm)
Boron (ppm)
Bicarbonate (ppm)

pH
EC (µmhos/cm)

Total Dissolved Solids (TDS in ppm)
Sodium Adsorption Ratio (SAR)
Potassium Adsorption Ratio (PAR)
Residual Carbonates (meq)

Sodium Percentage
Hardness (ppm)
Hardness Class
Alkalinity (ppm as CaCO3)

255
21
23
2

<1
26
229
0.77
590

8.0
1385

1145.3
9.1
0.0
6.7

79 %
147.6
Hard
483.2

Signature
Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs

to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:43:50 PM

INTERPRETATION AND REQUIREMENTS FOR Irrigation Water

This water is generally unsatisfactory for irrigation use.  It may be used for irrigation only under very special conditions and on the advice of a technician 
trained in irrigation water use.  Use of this water should be confined to occasional use as a supplemental source of water on well-drained soils.  It is not
recommended for use on medium and heavy textured soils

If this water is used extensively, it is recommended that a soil sample be obtained every few years from the irrigated fields to determine the extent to which
sodium or salts may be accumulating and the need for special management practices.
Residual carbonates are present in excess amounts lowering water quality to unsuitabe.
Water with too high residual carbonates may contain effective sodium in excess of that indicated by the sodium percentage of the water.  The calcium and 
magnesium may precipitate out as lime, thus increasing the percentage of sodium.
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-12 (West Domestic WW)

Location : 36.833258, -96.504278
Osage County, OK

Lab ID No.: : 847182
Customer Code : 1361
Sample No. : 12
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Livestock Water

Analysis Sample Results Livestock Water Limits

Boron (ppm) 0.77 < 5 ppm 
Calcium (ppm) 21.20 No Guidelines
Chloride (ppm) 25.52 < 600 ppm 
Copper (ppm) <DL* <0.5 ppm 
Iron (ppm) < DL* No Guidelines
Magnesium (ppm) 23.02 No Guidelines
Manganese (ppm)  < DL* No Guidelines
Nitrate-N (ppm)  < DL* < 100 ppm 
Potassium (ppm) 2 No Guidelines
Sodium (ppm) 254.63 < 1000 ppm 
Sulfate (ppm) 229.37 <1000 ppm 
Zinc (ppm) < DL* < 25 ppm 

EC (µmhos/cm) 1385 No Guidelines
ICAP_P ppm --- No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines147.6
Hardness Class No GuidelinesHard
pH 8.0 5.5-9.0 
Total Dissolved Solids(TDS) (ppm) 1145.3 <3000 ppm 

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.
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* DL : Detection Limit 
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-12 (West Domestic WW)

Location : 36.833258, -96.504278
Osage County, OK

Lab ID No.: : 847182
Customer Code : 1361
Sample No. : 12
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Household Water

Analysis Sample Results EPA Drinking Water Limits

Boron (ppm) 0.77 < 2.4
Calcium (ppm) 21.20 No Guidelines
Chloride (ppm) 25.52 < 250 ppm (#)
Copper (ppm) < DL* <1.0 ppm (#)
Iron (ppm) < DL* < 0.3 ppm (#)
Magnesium (ppm) 23.02 No Guidelines
Manganese (ppm)  < DL* < 0.05 ppm (#)
NO3N (ppm)  < DL* < 10 ppm 
Potassium (ppm) 2 No Guidelines
Sodium (ppm) 254.63 No Guidelines
Sulfate (ppm) 229.37 < 250 ppm (#)
Zinc (ppm) < DL* < 5.0 ppm (#)

EC (µmhos/cm) 1385 No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines147.6
Hardness Class < 120Hard
pH 8.0 6.5 - 8.5 (#)
Sodium Percentage (%) 79 No Guidelines
Total Dissolved Solids (TDS) (ppm) 1145.3 <500 ppm (#)

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 3:24:23 PM

* DL : Detection Limit 

(#) Secondary standards are non-enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic effects. 
If any of the above analysis exceeds EPA standards, you should seek advice from the Oklahoma Department of Environmental Quality 
or local Health Department. 
This water analysis does NOT include testing for bacteria, organic chemicals, and heavy metals. This lab is not certified by DEQ 
for drinking water analysis.

           Kendal Henderson
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-8 (Jireh Tank Battery)

Location : 36.846536, -96.506097
Osage County, OK

Lab ID No.: : 847183
Customer Code : 1361
Sample No. : 8
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Irrigation Water

---------- Cations --------------- ----------- Anions ------------- ------------- Other --------------

------------ Derived Values ----------------- -------- Derived Values(cont'd) --------------

Sodium (ppm)
Calcium (ppm)
Magnesium (ppm)
Potassium (ppm)

Nitrate-N (ppm)
Chloride (ppm)
Sulfate (ppm)
Boron (ppm)
Bicarbonate (ppm)

pH
EC (µmhos/cm)

Total Dissolved Solids (TDS in ppm)
Sodium Adsorption Ratio (SAR)
Potassium Adsorption Ratio (PAR)

Sodium Percentage
Hardness (ppm)
Hardness Class
Alkalinity (ppm as CaCO3)

49706
10194
1814
537

<1
101527
38
8.73
78

6.3
189100

163893.2
119.2
0.8

76.7 %
32898.1
Very Hard
63.6

Signature
Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs

to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:47:13 PM

INTERPRETATION AND REQUIREMENTS FOR Irrigation Water

Water of this quality is not recommended for crop irrigation due to its high total dissolved salts and/or sodium level.
This water is not recommended for irrigation use because of its high boron content.

           Kendal Henderson
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-8 (Jireh Tank Battery)

Location : 36.846536, -96.506097
Osage County, OK

Lab ID No.: : 847183
Customer Code : 1361
Sample No. : 8
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Household Water

Analysis Sample Results EPA Drinking Water Limits

Boron (ppm) 8.73 < 2.4
Calcium (ppm) 10193.6 No Guidelines
Chloride (ppm) 101527 < 250 ppm (#)
Copper (ppm) 0.07 < 1.0 ppm (#)
Iron (ppm) 0.56 < 0.3 ppm (#)
Magnesium (ppm) 1814.34 No Guidelines
Manganese (ppm) 2.46 < 0.05 ppm (#)
NO3N (ppm)  < DL* < 10 ppm 
Potassium (ppm) 537 No Guidelines
Sodium (ppm) 49706.1 No Guidelines
Sulfate (ppm) 37.53 < 250 ppm (#)
Zinc (ppm) 0.19 < 5.0 ppm (#)

EC (µmhos/cm) 189100 No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines32898.1
Hardness Class < 120Very Hard
pH 6.3 6.5 - 8.5 (#)
Sodium Percentage (%) 76.7 No Guidelines
Total Dissolved Solids (TDS) (ppm) 163893.2 <500 ppm (#)

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 2:48:04 PM

* DL : Detection Limit 

(#) Secondary standards are non-enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic effects. 
If any of the above analysis exceeds EPA standards, you should seek advice from the Oklahoma Department of Environmental Quality 
or local Health Department. 
This water analysis does NOT include testing for bacteria, organic chemicals, and heavy metals. This lab is not certified by DEQ 
for drinking water analysis.

           Kendal Henderson
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-8 (Jireh Tank Battery)

Location : 36.846536, -96.506097
Osage County, OK

Lab ID No.: : 847183
Customer Code : 1361
Sample No. : 8
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Livestock Water

Analysis Sample Results Livestock Water Limits

Boron (ppm) 8.73 < 5 ppm 
Calcium (ppm) 10193.6 No Guidelines
Chloride (ppm) 101527 < 600 ppm 
Copper (ppm) 0.07 < 0.5 ppm 
Iron (ppm) 0.56 No Guidelines
Magnesium (ppm) 1814.34 No Guidelines
Manganese (ppm) 2.46 No Guidelines
Nitrate-N (ppm)  < DL* < 100 ppm 
Potassium (ppm) 537 No Guidelines
Sodium (ppm) 49706.1 < 1000 ppm 
Sulfate (ppm) 37.53 <1000 ppm 
Zinc (ppm) 0.19 < 25 ppm 

EC (µmhos/cm) 189100 No Guidelines
ICAP_P ppm --- No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines32898.1
Hardness Class No GuidelinesVery Hard
pH 6.3 5.5-9.0 
Total Dissolved Solids(TDS) (ppm) 163893.2 <3000 ppm 

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.

Pg. 1 of 1, Generated on 7/11/2017 3:26:21 PM

* DL : Detection Limit 

This water may be objectionable because it is less than the guideline of 1000mg Na/L.
Serious effects including death become likely at 5000mg/L.We recommend keeping drinking water Na concentration 
less than 1000mg/L(chronic exposure criteria).This assumes normal feedstuff Na concentration and no other water sources;these concentrations 
should protect against acute lethality or chronically poor performance.Short term exposure(days-weeks) should not exceed 4000 mg Na/L
This water may be objectionable for some livestock because it exceeds the guideline of 5mg Boron/L.Excess boron in the diets of 
livestock may decrease feed consumption and cause weight loss
This water may be objectionable because it exceeds the guideline of 600mg Chloride/L

           Kendal Henderson
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-9 (Warren American TB)

Location : 36.840077, -96.499939
Osage County, OK

Lab ID No.: : 847184
Customer Code : 1361
Sample No. : 9
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Irrigation Water

---------- Cations --------------- ----------- Anions ------------- ------------- Other --------------

------------ Derived Values ----------------- -------- Derived Values(cont'd) --------------

Sodium (ppm)
Calcium (ppm)
Magnesium (ppm)
Potassium (ppm)

Nitrate-N (ppm)
Chloride (ppm)
Sulfate (ppm)
Boron (ppm)
Bicarbonate (ppm)

pH
EC (µmhos/cm)

Total Dissolved Solids (TDS in ppm)
Sodium Adsorption Ratio (SAR)
Potassium Adsorption Ratio (PAR)

Sodium Percentage
Hardness (ppm)
Hardness Class
Alkalinity (ppm as CaCO3)

53664
10581
1847
550

<1
112725
28
9.41
73

6.1
198500

179468.2
126.6
0.8

77.4 %
34000.2
Very Hard
59.6

Signature
Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs

to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.
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INTERPRETATION AND REQUIREMENTS FOR Irrigation Water

Water of this quality is not recommended for crop irrigation due to its high total dissolved salts and/or sodium level.
This water is not recommended for irrigation use because of its high boron content.

           Kendal Henderson
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-9 (Warren American TB)

Location : 36.840077, -96.499939
Osage County, OK

Lab ID No.: : 847184
Customer Code : 1361
Sample No. : 9
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Livestock Water

Analysis Sample Results Livestock Water Limits

Boron (ppm) 9.41 < 5 ppm 
Calcium (ppm) 10580.8 No Guidelines
Chloride (ppm) 112725 < 600 ppm 
Copper (ppm) 0.08 < 0.5 ppm 
Iron (ppm) 0.44 No Guidelines
Magnesium (ppm) 1847.4 No Guidelines
Manganese (ppm) 1.93 No Guidelines
Nitrate-N (ppm)  < DL* < 100 ppm 
Potassium (ppm) 550 No Guidelines
Sodium (ppm) 53664.2 < 1000 ppm 
Sulfate (ppm) 28.05 <1000 ppm 
Zinc (ppm) 0.13 < 25 ppm 

EC (µmhos/cm) 198500 No Guidelines
ICAP_P ppm --- No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines34000.2
Hardness Class No GuidelinesVery Hard
pH 6.1 5.5-9.0 
Total Dissolved Solids(TDS) (ppm) 179468.2 <3000 ppm 

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.
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* DL : Detection Limit 

This water may be objectionable because it is less than the guideline of 1000mg Na/L.
Serious effects including death become likely at 5000mg/L.We recommend keeping drinking water Na concentration 
less than 1000mg/L(chronic exposure criteria).This assumes normal feedstuff Na concentration and no other water sources;these concentrations 
should protect against acute lethality or chronically poor performance.Short term exposure(days-weeks) should not exceed 4000 mg Na/L
This water may be objectionable for some livestock because it exceeds the guideline of 5mg Boron/L.Excess boron in the diets of 
livestock may decrease feed consumption and cause weight loss
This water may be objectionable because it exceeds the guideline of 600mg Chloride/L

           Kendal Henderson
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CARL E. WILLS (6EN-WC)
CARL E WILLS (6EN-WC)
US EPA  REGION 6
1445 ROSS AVE SUITE 1200
DALLAS, TX 75202
(214) 665-7276

Name : WS-9 (Warren American TB)

Location : 36.840077, -96.499939
Osage County, OK

Lab ID No.: : 847184
Customer Code : 1361
Sample No. : 9
Received : 6/30/2017
Report Date : 7/7/2017

WATER QUALITY REPORT

Test Results for Household Water

Analysis Sample Results EPA Drinking Water Limits

Boron (ppm) 9.41 < 2.4
Calcium (ppm) 10580.8 No Guidelines
Chloride (ppm) 112725 < 250 ppm (#)
Copper (ppm) 0.08 < 1.0 ppm (#)
Iron (ppm) 0.44 < 0.3 ppm (#)
Magnesium (ppm) 1847.4 No Guidelines
Manganese (ppm) 1.93 < 0.05 ppm (#)
NO3N (ppm)  < DL* < 10 ppm 
Potassium (ppm) 550 No Guidelines
Sodium (ppm) 53664.2 No Guidelines
Sulfate (ppm) 28.05 < 250 ppm (#)
Zinc (ppm) 0.13 < 5.0 ppm (#)

EC (µmhos/cm) 198500 No Guidelines
Hardness (ppm, 17.1 ppm = 1 grain/gal) No Guidelines34000.2
Hardness Class < 120Very Hard
pH 6.1 6.5 - 8.5 (#)
Sodium Percentage (%) 77.4 No Guidelines
Total Dissolved Solids (TDS) (ppm) 179468.2 <500 ppm (#)

Signature

Oklahoma State University, U.S. Department of Agriculture, state and local goverments cooperating. Oklahoma Cooperative Extension Service offers its programs
to all eligible persons regardless of race, color, national origin, religion, sex, age or disability and is an Equal Oppurtunity Employer.
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* DL : Detection Limit 

(#) Secondary standards are non-enforceable guidelines regulating contaminants that may cause cosmetic or aesthetic effects. 
If any of the above analysis exceeds EPA standards, you should seek advice from the Oklahoma Department of Environmental Quality 
or local Health Department. 
This water analysis does NOT include testing for bacteria, organic chemicals, and heavy metals. This lab is not certified by DEQ 
for drinking water analysis.

           Kendal Henderson
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Bird Creek Multiply values by 1
Location FieldID SAMPLE 

DATE
insp_NO Ca 

(mg/l)
Mg 

(mg/l)
Na 

(mg/l)
K 

(mg/l)
Fe 
(mg/l)

Ba 
(mg/l)

Carb 
(ppm)

Bi-carb 
(ppm)

Sulfates 
(mg/l)

Cl 
(mg/l)

NITRATE-
N (MG/L)

NITRITE-
N (mg/l)

AMMONIUM-
N (MG/L)

P-total 
(mg/l)

TDS PH SG Sr 
(mg/l)

F 
(mg/l)

alkali
nity

CO2 N2O Cu 
(mg/l)

PPA 
(mg/l 

CaCO3)

MOA 
(mg/l 

CaCO3)

B (mg/l)

1A (North of Rd)

SE 12-T27N-T7E

1A(North 

of 

Culvert)

05-Oct-16

47 7 17 8 1.26

56

35 87 300 7.5

46

0.02

1B (South of Rd)

SE 12-T27N-R7E

1B(South 

of 

Culvert)

05-Oct-16

4751 1365 20812 58 0.1

61

49 40699 67795 6.9

50 0.1

1.47

1C (South of Rd)

SE 12-T27NR-7E

1C(Dupli

cate of 

1B)

05-Oct-16

4749 1432 20810 62 0.1

64

51 42655 69822 6.9

52 0.1

1.59

2 Jireh @ 18W

SW 1-T27N-R7E

2(Jireh 

TB)

05-Oct-16
9627 1770 49111 531 10.41

104
41 99594 160779 6.3

85 0.1
8.54

3 G.horse @ TB

NW18-T27N-R8E

3(Grayho

rse TB)

05-Oct-16
8236 1737 45675 463 2.96

64
10 90403 146588 6.5

52 0.1
8.11
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Bird Creek
Location FieldID SAMPLE 

DATE

1A (North of Rd)

SE 12-T27N-T7E

1A(North 

of 

Culvert)

05-Oct-16

1B (South of Rd)

SE 12-T27N-R7E

1B(South 

of 

Culvert)

05-Oct-16

1C (South of Rd)

SE 12-T27NR-7E

1C(Dupli

cate of 

1B)

05-Oct-16

2 Jireh @ 18W

SW 1-T27N-R7E

2(Jireh 

TB)

05-Oct-16

3 G.horse @ TB

NW18-T27N-R8E

3(Grayho

rse TB)

05-Oct-16

TKN SiO2 
(mg/L)

Al 
(mg/l)

Co 
(mg/l)

Pb 
(mg/l)

Mn 
(mg/l)

Zn 
(mg/l)

Temp 
( C)

Temp ( F)

0.01

0.02 0.01

0.01

2.49 0.85

2.4 11.34
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mg/l as CaCO3
Sample_Name Ca Mg Na K Fe Ba CO3 HCO3 SO4 Cl NO3-N NO2-N NH4-N P Cations Anions Si alkalinity meq pH
1A (North of Rd) SE 12-T27N-T7E: 1A(North of Culvert) 47 7 17 8 1.26 0 0.00 56 35 87 0.00 0.00 0.00 0.00 79.0 178.0 10.0 46 0.912 7.50
1B (South of Rd) SE 12-T27N-R7E: 1B(South of Culvert) 4751 1365 20812 58 0.1 0 0.00 61 49 40699 0.00 0.00 0.00 0.00 26986.0 40809.0 10.0 50 1 6.90
1C (South of Rd) SE 12-T27NR-7E: 1C(Duplicate of 1B) 4749 1432 20810 62 0.1 0 0.00 64 51 42655 0.00 0.00 0.00 0.00 27053.0 42770.0 10.0 52 1.042 6.90
2 Jireh @ 18W SW 1-T27N-R7E: 2(Jireh TB) 9627 1770 49111 531 10.41 0 0.00 104 41 99594 0.00 0.00 0.00 0.00 61039.0 99739.0 10.0 85 1.702 6.30
3 G.horse @ TB NW18-T27N-R8E: 3(Grayhorse TB) 8236 1737 45675 463 2.96 0 0.00 64 10 90403 0.00 0.00 0.00 0.00 56111.0 90477.0 10.0 52 1.04 6.50
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
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: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
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: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0     

maximum 9627 1770 49111 531 0 104 51 99594 0 0 0 0
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mg/l
Sample_Name
1A (North of Rd) SE 12-T27N-T7E: 1A(North of Culvert)
1B (South of Rd) SE 12-T27N-R7E: 1B(South of Culvert)
1C (South of Rd) SE 12-T27NR-7E: 1C(Duplicate of 1B)
2 Jireh @ 18W SW 1-T27N-R7E: 2(Jireh TB)
3 G.horse @ TB NW18-T27N-R8E: 3(Grayhorse TB)
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 

OH est actual
mg/l HCO3 CO3 est TDS TDS Strontium Fluoride B (mg/l) TKN SiO2 Al Co Pb Mn Zn
0.010 55.6 27.4 294 300 0 0 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.00
0.003 61.0 30.0 67,835 67,795 0 0 1.47 0.00 0.00 0.00 0.00 0.00 0.02 0.01
0.003 63.6 31.3 69,864 69,822 0 0 1.59 0.00 0.00 0.00 0.00 0.00 0.00 0.01
0.001 103.9 51.1 160,839 160,779 0 0 8.54 0.00 0.00 0.00 0.00 0.00 2.49 0.85
0.001 63.5 31.2 146,629 146,588 0 0 8.11 0.00 0.00 0.00 0.00 0.00 2.40 11.34

    0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 

    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
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: 
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: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 

maximum

    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
    0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Ground Water Center
EPA R6 WQ-SG

Enforcement Confidential
Bird Creek

k Chloride
n Ammonia-NBird Creek Chloride vs Ammonia-N
d Sodium Bird Creek Chloride vs Sodium
l Nitrate-N Bird Creek Chloride vs Nitrate-N
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Ground Water Center
EPA R6 WQ-SG

Enforcement Confidential

Bird Creek Chloride vs Ammonia-N
Bird Creek Chloride vs Sodium
Bird Creek Chloride vs Nitrate-N

9/13/2017 9_D-Final Copy of Piper-Stiff-diagrams with Kent's Samples 10-05-2016.xlsx Cl-wt plot
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mequiv/l
Ca Mg Na K Fe Ba CO3 HCO3 SO4 Cl Cations Anions Error check NH4-N Sr NO3-N NO2-N Fluoride B TKN-N Cation+NH4 Anion+N

1A (North of Rd) SE 12-T27N-T7E: 1A(North of Culvert) 2.35 0.58 0.74 0.20 0.05 0.00 0.00 0.92 0.73 2.45 3.91 4.10 -2.37% y 0.00 0.00 0.00 0.00 0.00 0.01 0.00 3.91 4.10
1B (South of Rd) SE 12-T27N-R7E: 1B(South of Culvert) 237.08 112.32 905.27 1.48 0.00 0.00 0.00 1.00 1.02 1147.97 1256.16 1149.99 4.41% y 0.00 0.00 0.00 0.00 0.00 0.41 0.00 1256.16 1149.99
1C (South of Rd) SE 12-T27NR-7E: 1C(Duplicate of 1B) 236.98 117.84 905.19 1.59 0.00 0.00 0.00 1.05 1.06 1203.14 1261.59 1205.25 2.28% y 0.00 0.00 0.00 0.00 0.00 0.44 0.00 1261.59 1205.25
2 Jireh @ 18W SW 1-T27N-R7E: 2(Jireh TB) 480.39 145.65 2136.21 13.58 0.37 0.00 0.00 1.70 0.85 2809.18 2776.20 2811.74 -0.64% y 0.00 0.00 0.00 0.00 0.00 2.37 0.00 2776.20 2811.74
3 G.horse @ TB NW18-T27N-R8E: 3(Grayhorse TB) 410.98 142.93 1986.75 11.84 0.11 0.00 0.00 1.05 0.21 2549.94 2552.61 2551.20 0.03% y 0.00 0.00 0.00 0.00 0.00 2.25 0.00 2552.61 2551.20
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    416 of 516



: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
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: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00   

max 480.39 145.65 2136.21 13.58 0.00 1.70 1.06 2809.18 0.00 0.00 0.00 0.00 0.00 2.37
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Brine Balance
Error check Cation+B,NH4 Error check K+2Ca+2Mg+H+Na SO4+2CO3+Cl+OH [H+] *1000 meq pH [OH-] *1000 meq SiO2 Al Co Pb Mn Zn

-2.37% n 3.92 2.30% n 6.786716905 3.18 3.16228E-05 7.50 0.000316228 0.00 0.00 0.00 0.00 0.00 0.00
4.41% n 1256.57 -4.43% n 1605.552486 1148.99 0.000125893 6.90 7.94328E-05 0.00 0.00 0.00 0.00 0.00 0.00
2.28% n 1262.03 -2.30% n 1616.394734 1204.20 0.000125893 6.90 7.94328E-05 0.00 0.00 0.00 0.00 0.00 0.00
-0.64% n 2778.57 0.59% n 3401.868702 2810.04 0.000501187 6.30 1.99526E-05 0.00 0.00 0.00 0.00 0.09 0.03
0.03% n 2554.86 -0.07% n 3106.418379 2550.15 0.000316228 6.50 3.16228E-05 0.00 0.00 0.00 0.00 0.09 0.35
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Bird Creek
Piper Diagram
Stiff Diagram

percent (milli-equiv./liter)

Bird Creek Piper Diagram 1A(North of Culvert)
1B(South of Culvert)
1C(Duplicate of 1B)
2(Jireh TB)
3(Grayhorse TB)

Ca Cl
Ca
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Mg

Cl

SO4

SO4
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+CO3

Ca+MgCl+SO4
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9/13/2017 9_D-Final Copy of Piper-Stiff-diagrams with Kent's Samples 10-05-2016.xlsx plots
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Ground Water Center
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1A (North of Rd) SE 12-T27N-T7E: 1A(North of Culvert)1B (South of Rd) SE 12-T27N-R7E: 1B(South of Culvert)1C (South of Rd) SE 12-T27NR-7E: 1C(Duplicate of 1B)2 Jireh @ 18W SW 1-T27N-R7E: 2(Jireh TB)3 G.horse @ TB NW18-T27N-R8E: 3(Grayhorse TB): : : : : : : : : : : 
Na+K -12.14% -36.09% -35.94% -38.72% -39.15%            
Ca -30.16% -9.44% -9.39% -8.65% -8.05%            
Mg -7.41% -4.47% -4.67% -2.62% -2.80%            
Cl- 30.10% 49.91% 49.91% 49.96% 49.98%            
HCO3- 11.26% 0.04% 0.04% 0.03% 0.02%            
SO4- 8.94% 0.04% 0.04% 0.02% 0.00%            

short name1A(North of Culvert)1B(South of Culvert)1C(Duplicate of 1B)2(Jireh TB)3(Grayhorse TB)
Cations 1A(North of Culvert) Cations1B(South of Culvert) Cations1C(Duplicate of 1B) Cations2(Jireh TB) Cations3(Grayhorse TB) Cations:  Cations :  Cations :  Cations :  Cations :  Cations :  Cations :  Cations :  Cations :  Cations :  Cations :  Cations
Na+K 1
Ca 0
Mg -1
Anions 1A(North of Culvert) Anions1B(South of Culvert) Anions1C(Duplicate of 1B) Anions2(Jireh TB) Anions3(Grayhorse TB) Anions:  Anions :  Anions :  Anions :  Anions :  Anions :  Anions :  Anions :  Anions :  Anions :  Anions :  Anions
Cl- 1
HCO3- 0
SO4- -1
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fraction Left Plot Upper Plot: Cations & Anions = 200% Right Plot Left Plot Upper Plot: Cations & Anions = 200% Right Plot
Ca Mg Na+K Na+K Ca+Mg SO4+Cl CO3+HCO3 CO3+HCO3 Cl SO4 Ca Mg Na,K,NH4 Na,K,NH4 Ca+Mg SO4,Cl,NO3 CO3+HCO3 CO3+HCO3 Cl SO4+NO3-N

1A (North of Rd) SE 12-T27N-T7E: 1A(North of Culvert)0.600 0.147 0.241 0.241 0.747 0.776 0.224 0.224 0.598 0.178 0.600 0.147 0.241 0.241 0.747 0.776 0.224 0.224 0.598 0.178
1B (South of Rd) SE 12-T27N-R7E: 1B(South of Culvert)0.189 0.089 0.722 0.722 0.278 0.999 0.001 0.001 0.998 0.001 0.189 0.089 0.722 0.722 0.278 0.999 0.001 0.001 0.998 0.001
1C (South of Rd) SE 12-T27NR-7E: 1C(Duplicate of 1B)0.188 0.093 0.719 0.719 0.281 0.999 0.001 0.001 0.998 0.001 0.188 0.093 0.719 0.719 0.281 0.999 0.001 0.001 0.998 0.001
2 Jireh @ 18W SW 1-T27N-R7E: 2(Jireh TB)0.173 0.052 0.774 0.774 0.226 0.999 0.001 0.001 0.999 0.000 0.173 0.052 0.774 0.774 0.226 0.999 0.001 0.001 0.999 0.000
3 G.horse @ TB NW18-T27N-R8E: 3(Grayhorse TB)0.161 0.056 0.783 0.783 0.217 1.000 0.000 0.000 1.000 0.000 0.161 0.056 0.783 0.783 0.217 1.000 0.000 0.000 1.000 0.000
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
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x,y
(1-Ca) Left Plot Right Plot Center Plot (1-Ca)  alt Left Plot alt Right Plot alt Center Plot short name

1A (North of Rd) SE 12-T27N-T7E: 1A(North of Culvert)0.400 0.427 0.228 1.987 0.254 1.209 1.602 0.400 0.427 0.228 1.987 0.254 1.209 1.602 1A(North of Culvert)
1B (South of Rd) SE 12-T27N-R7E: 1B(South of Culvert)0.811 0.867 0.177 2.299 0.101 1.560 1.379 0.811 0.867 0.177 2.299 0.101 1.560 1.379 1B(South of Culvert)
1C (South of Rd) SE 12-T27NR-7E: 1C(Duplicate of 1B)0.812 0.865 0.181 2.299 0.101 1.559 1.382 0.812 0.865 0.181 2.299 0.101 1.559 1.382 1C(Duplicate of 1B)
2 Jireh @ 18W SW 1-T27N-R7E: 2(Jireh TB) 0.827 0.901 0.145 2.299 0.100 1.587 1.334 0.827 0.901 0.145 2.299 0.100 1.587 1.334 2(Jireh TB)
3 G.horse @ TB NW18-T27N-R8E: 3(Grayhorse TB)0.839 0.911 0.148 2.300 0.100 1.591 1.327 0.839 0.911 0.148 2.300 0.100 1.591 1.327 3(Grayhorse TB)
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Aluminium Ammonium Boron Barium Berylium Calcium Cesium Copper Copper Copper Iron Lead Lithium Magnesium Manganese Mercury Nickel Potassium Rubidium Silver Sodium
Cations Al NH4 B Ba Be Ca Cs Cu(1) Cu(2) Cu(3) Fe Pb Li Mg Mn Hg Ni K Rb Ag Na
MW 26.9815 18.0383 10.81 137.34 9.012 40.08 132.91 63.546 63.546 63.546 55.847 207.2 6.941 24.305 54.938 200.59 58.71 39.0983 85.47 107.868 22.98977
v 3 1 3 2 2 2 1 1 2 3 2 2 1 2 2 2 2 1 1 1 1
mg/mequiv 8.9938 18.0383 3.60333333 68.67 4.506 20.04 132.91 63.546 31.773 21.182 27.9235 103.6 6.941 12.1525 27.469 100.3 29.355 39.0983 85.47 107.868 22.98977

Acetate Arsenate Bromide Carbonate Chloride Chromate Cyanide Dichromate Fluoride Hydroxide Iodide Nitrate Oxalate Permanganate Phosphate Silicate Sulfate Sulfide Sulfite Thiocyanate Thiosulfate
Anions CH3CO2 AsO4 Br CO3 Cl CrO4 CN Cr2O7 F OH I NO3 C2O4 MnO4 PO4 SiO3 SO4 S SO3 SCN S2O3
MW 59.0445 138.9192 79.909 60.0092 35.453 115.9936 26.0177 215.9878 18.9984 33.0679 126.9044 62.0049 88.0196 118.9356 94.9716 76.084 96.0576 32.06 80.0582 58.0777 112.1182
v -1 -3 -1 -2 -1 -2 -1 -2 -1 -1 -1 -1 -2 -1 -3 -2 -2 -2 -2 -1 -2
mg/mequiv 59.0445 46.3064 79.909 30.0046 35.453 57.9968 26.0177 107.9939 18.9984 33.0679 126.9044 62.0049 44.0098 118.9356 31.6572 38.042 48.0288 16.03 40.0291 58.0777 56.0591

CaCO3 CO2  Bicarbonate
MW 100.0892 44.0098 cos(60) sin(60) tan(60) HCO3 H2S HPO4 SiO2
v 2 0.5 0.866025 1.732051 61.0171 34.0758 95.9726 60.084
mg/mequiv 50.0446 -1 2 sign? -2 1

61.0171 17.0379 47.9863 60.084
C H N O S Si As Cr Co

MW 12.011 1.0079 14.0067 15.9994 32.06 28.0855 74.9216 51.996 58.933
+3

19.6443
NO3-N NO2-N NH4-N NO2

MW 46.0055
v 1
mg/mequiv use N value 46.0055

MCL mg/l 10 45
0.713944 0.725749

Hardness
cations Ca Mg Sr Fe Mn

20.04 12.1525 43.81 27.9235 27.469
assoc anions HCO3 SO4 Cl NO3 SiO3

61.0171 48.0288 35.453 62.0049 38.04185

Total Alkalinity CO3 HCO3 OH pH
30.0046 61.0171 33.0679 pH >9.0 MOA 4.5
PPA > 
MOA/2

PPA > 
MOA/2 PPA 8.3

PPA = 
MOA

PPA < 
MOA/2

PPA < 
MOA/2
PPA = 0

PPA = MOA pH >9.0
pH < 8.3
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Cations
MW
v
mg/mequiv

Anions
MW
v
mg/mequiv

MW
v
mg/mequiv

MW

MW
v
mg/mequiv

MCL mg/l

Hardness
cations

assoc anions

Total Alkalinity

Strontium Tin Zinc
Sr Sn Zn

87.62 118.69 65.37
2 2 2

43.81 59.345 32.685
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fraction 0 Left Plot 0 0 Right Plot 0
0 %Ca %Mg %Na+K %CO3+HCO3 %Cl %SO4 Ca Mg Na+K CO3+HCO3Cl SO4 sum

1A (North of Rd) SE 12-T27N-T7E: 1A(North of Culvert) -30.16% -7.41% -12.14% 11.26% 30.10% 8.94% 0.599744 0.147298 0.241419 0.223823 0.598458 0.177719 1.988461
1B (South of Rd) SE 12-T27N-R7E: 1B(South of Culvert) -9.44% -4.47% -36.09% 0.04% 49.91% 0.04% 0.188731 0.089418 0.721849 0.000869 0.998244 0.000887 1.999997
1C (South of Rd) SE 12-T27NR-7E: 1C(Duplicate of 1B) -9.39% -4.67% -35.94% 0.04% 49.91% 0.04% 0.18784 0.093403 0.718755 0.00087 0.998249 0.000881 1.999997
2 Jireh @ 18W SW 1-T27N-R7E: 2(Jireh TB) -8.65% -2.62% -38.72% 0.03% 49.96% 0.02% 0.173038 0.052463 0.774364 0.000606 0.99909 0.000304 1.999866
3 G.horse @ TB NW18-T27N-R8E: 3(Grayhorse TB) -8.05% -2.80% -39.15% 0.02% 49.98% 0.00% 0.161003 0.055995 0.782961 0.000411 0.999507 8.16E-05 1.999958
:             0
:             0
:             0
:             0
:             0
:             0
:             0
:             0
:             0
:             0
:             0
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
:             
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Bird Creek, Osage County, OK Multiply values by 1
Location FieldID SAMPLE 

DATE
insp_NO Ca 

(mg/l)
Mg 

(mg/l)
Na 

(mg/l)
K 

(mg/l)
Fe 
(mg/l)

Ba 
(mg/l)

Carb 
(ppm)

Bi-carb 
(ppm)

Sulfates 
(mg/l)

Cl 
(mg/l)

NITRATE-
N (MG/L)

NITRITE-
N (mg/l)

AMMONIUM-
N (MG/L)

P-total 
(mg/l)

TDS PH SG Sr 
(mg/l)

F 
(mg/l)

alkali
nity

CO2 N2O Cu 
(mg/l)

PPA 
(mg/l 

CaCO3)

MOA 
(mg/l 

CaCO3)

B (mg/l)

WS-1 (Monitoring 

Station 1)

36.832660,

-96.496177

MS-1 27-Jun-17

54 14 18 2 0 0.104 0

233

30 4 355.6 8.3

191

0.07

WS-2 (Monitoring 

Station 2)

36.832135,

-96.498664

MS-2 27-Jun-17

46 16 81 3 0.03 0.0938 0

193

33 118 519.4 7.9

158

0.09

WS-3 (Monitoring 

Station 3)

36.830668,

-96.499461

MS-3 27-Jun-17

158 31 525 3 0 0.277 0

280

36 1029 2488.2 7.7

230

0.1

WS-4 (Monitoring 

Station 4)

36.829906,

-96.500244

MS-4 27-Jun-17

548 93 665 4 0 0.792 0

172

31 2145 4554 7.6

141

0.08

WS-5 (Monitoring 

Station 6)

36.827810,

-96.501613

MS-6 28-Jun-17

2441 873 14529 38 0.02 6.04 0

61

47 27740 45738 7.2

50 0.04

2.18
WS-7 (Replicate 1 

of WS-5)

36.827810,

-96.501613

MS-6 

replicate

28-Jun-17

2424 870 14548 38 0.02 6.87 0

61

47 27734 46134 7.2

50 0.04

2.16

WS-6 (Monitoring 

Station 7)

36.825031,

-96.499648

MS-7 28-Jun-17

131 33 392 3 0 0.198 0

155

29 765 1854.6 8

127

0.12
WS-11 (East 

Domestic WW)

36.828592,

-96.493931

WW-

East

28-Jun-17

3 1 229 1 0 0.132 23.8

348

20 101 726.3 8.8

325

0.45
WS-14 (Replicate 

2 of WS-11)

36.828592, 

-96.493931

WW-

East 

replicate

28-Jun-17

3 1 233 1 0 0.128

24.1 345

20 98 725.1 8.8

323

0.45
WS-12 (West 

Domestic WW)

36.833258,

-96.504278

WW-

West

28-Jun-17

21 23 255 2 0 0 0

590

229 26 1145.3 8

483

0.77

WS-8 (Jireh TB)

36.846536,

-96.506097

Jireh TB 28-Jun-17

10194 1814 49706 537 0.56 34.8 0

78

38 101527 163893 6.3

64 0.07

8.73
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WS-9 (Warren 

American TB)

36.840077,

-96.499939

Warren 

TB

29-Jun-17

10581 1847 53664 550 0.44 30.7 0

73

28 112725 179468 6.1

60 0.08

9.41

3 G.horse @ TB

NW18-T27N-R8E

Grayhors

e 10/5/16 

TB

05-Oct-16

8236 1737 45675 463 2.96

64

10 90403 146588 6.5

52 0.1

8.11
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Bird Creek, Osage County, OK
Location FieldID SAMPLE 

DATE

WS-1 (Monitoring 

Station 1)

36.832660,

-96.496177

MS-1 27-Jun-17

WS-2 (Monitoring 

Station 2)

36.832135,

-96.498664

MS-2 27-Jun-17

WS-3 (Monitoring 

Station 3)

36.830668,

-96.499461

MS-3 27-Jun-17

WS-4 (Monitoring 

Station 4)

36.829906,

-96.500244

MS-4 27-Jun-17

WS-5 (Monitoring 

Station 6)

36.827810,

-96.501613

MS-6 28-Jun-17

WS-7 (Replicate 1 

of WS-5)

36.827810,

-96.501613

MS-6 

replicate

28-Jun-17

WS-6 (Monitoring 

Station 7)

36.825031,

-96.499648

MS-7 28-Jun-17

WS-11 (East 

Domestic WW)

36.828592,

-96.493931

WW-

East

28-Jun-17

WS-14 (Replicate 

2 of WS-11)

36.828592, 

-96.493931

WW-

East 

replicate

28-Jun-17

WS-12 (West 

Domestic WW)

36.833258,

-96.504278

WW-

West

28-Jun-17

WS-8 (Jireh TB)

36.846536,

-96.506097

Jireh TB 28-Jun-17

TKN SiO2 
(mg/L)

Al 
(mg/l)

Co 
(mg/l)

Pb 
(mg/l)

Mn 
(mg/l)

Zn 
(mg/l)

Temp 
( C)

Temp ( F)

0 0

0 0

0 0

0.02 0

0 0.04

0 0.04

0 0

0 0

0 0

0 0

2.46 0.19
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WS-9 (Warren 

American TB)

36.840077,

-96.499939

Warren 

TB

29-Jun-17

3 G.horse @ TB

NW18-T27N-R8E

Grayhors

e 10/5/16 

TB

05-Oct-16
1.93 0.13

2.4 11.34

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    434 of 516



mg/l as CaCO3
Sample_Name Ca Mg Na K Fe Ba CO3 HCO3 SO4 Cl NO3-N NO2-N NH4-N P Cations Anions Si alkalinity meq
WS-1 (Monitoring Station 1) 36.832660, -96.496177: MS-1 54 14 18 2 0 0.104 0.00 233 30 4 0.00 0.00 0.00 0.00 88.0 267.0 10.0 191 3.812
WS-2 (Monitoring Station 2) 36.832135, -96.498664: MS-2 46 16 81 3 0.03 0.0938 0.00 193 33 118 0.00 0.00 0.00 0.00 146.0 344.0 10.0 158 3.16
WS-3 (Monitoring Station 3) 36.830668, -96.499461: MS-3 158 31 525 3 0 0.277 0.00 280 36 1029 0.00 0.00 0.00 0.00 717.0 1345.0 10.0 230 4.596
WS-4 (Monitoring Station 4) 36.829906, -96.500244: MS-4 548 93 665 4 0 0.792 0.00 172 31 2145 0.00 0.00 0.00 0.00 1310.0 2348.0 10.0 141 2.82
WS-5 (Monitoring Station 6) 36.827810, -96.501613: MS-6 2441 873 14529 38 0.02 6.04 0.00 61 47 27740 0.00 0.00 0.00 0.00 17881.0 27848.0 10.0 50 0.994
WS-7 (Replicate 1 of WS-5) 36.827810, -96.501613: MS-6 replicate 2424 870 14548 38 0.02 6.87 0.00 61 47 27734 0.00 0.00 0.00 0.00 17880.0 27842.0 10.0 50 1.006
WS-6 (Monitoring Station 7) 36.825031, -96.499648: MS-7 131 33 392 3 0 0.198 0.00 155 29 765 0.00 0.00 0.00 0.00 559.0 949.0 10.0 127 2.54
WS-11 (East Domestic WW) 36.828592, -96.493931: WW-East 3 1 229 1 0 0.132 23.80 348 20 101 0.00 0.00 0.00 0.00 234.0 492.8 10.0 325 6.496
WS-14 (Replicate 2 of WS-11) 36.828592,  -96.493931: WW-East replicate 3 1 233 1 0 0.128 24.10 345 20 98 0.00 0.00 0.00 0.00 238.0 487.1 10.0 323 6.462
WS-12 (West Domestic WW) 36.833258, -96.504278: WW-West 21 23 255 2 0 0 0.00 590 229 26 0.00 0.00 0.00 0.00 301.0 845.0 10.0 483 9.664
WS-8 (Jireh TB) 36.846536, -96.506097: Jireh TB 10194 1814 49706 537 0.56 34.8 0.00 78 38 101527 0.00 0.00 0.00 0.00 62251.0 101643.0 10.0 64 1.272
WS-9 (Warren American TB) 36.840077, -96.499939: Warren TB 10581 1847 53664 550 0.44 30.7 0.00 73 28 112725 0.00 0.00 0.00 0.00 66642.0 112826.0 10.0 60 1.192
3 G.horse @ TB NW18-T27N-R8E: Grayhorse 10/5/16 TB 8236 1737 45675 463 2.96 0 0.00 64 10 90403 0.00 0.00 0.00 0.00 56111.0 90477.0 10.0 52 1.04
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
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: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    

maximum 10581 1847 53664 550 24.1 590 229 112725 0 0 0 0
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mg/l
Sample_Name
WS-1 (Monitoring Station 1) 36.832660, -96.496177: MS-1
WS-2 (Monitoring Station 2) 36.832135, -96.498664: MS-2
WS-3 (Monitoring Station 3) 36.830668, -96.499461: MS-3
WS-4 (Monitoring Station 4) 36.829906, -96.500244: MS-4
WS-5 (Monitoring Station 6) 36.827810, -96.501613: MS-6
WS-7 (Replicate 1 of WS-5) 36.827810, -96.501613: MS-6 replicate
WS-6 (Monitoring Station 7) 36.825031, -96.499648: MS-7
WS-11 (East Domestic WW) 36.828592, -96.493931: WW-East
WS-14 (Replicate 2 of WS-11) 36.828592,  -96.493931: WW-East replicate
WS-12 (West Domestic WW) 36.833258, -96.504278: WW-West
WS-8 (Jireh TB) 36.846536, -96.506097: Jireh TB
WS-9 (Warren American TB) 36.840077, -96.499939: Warren TB
3 G.horse @ TB NW18-T27N-R8E: Grayhorse 10/5/16 TB
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 

OH est actual
pH mg/l HCO3 CO3 est TDS TDS Strontium Fluoride B (mg/l) TKN SiO2 Al Co

8.30 0.066 232.5 114.3 479 356 0 0 0.07 0.00 0.00 0.00 0.00
7.90 0.026 192.8 94.8 595 519 0 0 0.09 0.00 0.00 0.00 0.00
7.70 0.017 280.4 137.9 2,210 2,488 0 0 0.10 0.00 0.00 0.00 0.00
7.60 0.013 172.1 84.6 3,753 4,554 0 0 0.08 0.00 0.00 0.00 0.00
7.20 0.005 60.7 29.8 45,769 45,738 0 0 2.18 0.00 0.00 0.00 0.00
7.20 0.005 61.4 30.2 45,762 46,134 0 0 2.16 0.00 0.00 0.00 0.00
8.00 0.033 155.0 76.2 1,594 1,855 0 0 0.12 0.00 0.00 0.00 0.00
8.80 0.209 396.0 194.7 932 726 0 0 0.12 0.00 0.00 0.00 0.00
8.80 0.209 393.9 193.7 929 725 0 0 0.45 0.00 0.00 0.00 0.00
8.00 0.033 589.7 290.0 1,446 1,145 0 0 0.77 0.00 0.00 0.00 0.00
6.30 0.001 77.6 38.2 163,942 163,893 0 0 8.73 0.00 0.00 0.00 0.00
6.10 0.000 72.7 35.8 179,514 179,468 0 0 9.41 0.00 0.00 0.00 0.00
6.50 0.001 63.5 31.2 146,629 146,588 0 0 8.11 0.00 0.00 0.00 0.00

     0 0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
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: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 

maximum

     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
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mg/l
Sample_Name
WS-1 (Monitoring Station 1) 36.832660, -96.496177: MS-1
WS-2 (Monitoring Station 2) 36.832135, -96.498664: MS-2
WS-3 (Monitoring Station 3) 36.830668, -96.499461: MS-3
WS-4 (Monitoring Station 4) 36.829906, -96.500244: MS-4
WS-5 (Monitoring Station 6) 36.827810, -96.501613: MS-6
WS-7 (Replicate 1 of WS-5) 36.827810, -96.501613: MS-6 replicate
WS-6 (Monitoring Station 7) 36.825031, -96.499648: MS-7
WS-11 (East Domestic WW) 36.828592, -96.493931: WW-East
WS-14 (Replicate 2 of WS-11) 36.828592,  -96.493931: WW-East replicate
WS-12 (West Domestic WW) 36.833258, -96.504278: WW-West
WS-8 (Jireh TB) 36.846536, -96.506097: Jireh TB
WS-9 (Warren American TB) 36.840077, -96.499939: Warren TB
3 G.horse @ TB NW18-T27N-R8E: Grayhorse 10/5/16 TB
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 

Pb Mn Zn
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.02 0.00
0.00 0.00 0.04
0.00 0.00 0.04
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 2.46 0.19
0.00 1.93 0.13
0.00 2.40 11.34
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
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: 
: 

maximum

0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
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Ground Water Center
EPA R6 WQ-SG

Enforcement Confidential
Bird Creek, Osage County, OK

k Chloride
n Ammonia-NBird Creek, Osage County, OK Chloride vs Ammonia-N
d Sodium Bird Creek, Osage County, OK Chloride vs Sodium
l Nitrate-N Bird Creek, Osage County, OK Chloride vs Nitrate-N
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Bird Creek, Osage County, OK Chloride vs Ammonia-N

WS-1 (Monitoring Station 1)
36.832660,
-96.496177: MS-1

WS-2 (Monitoring Station 2)
36.832135,
-96.498664: MS-2

WS-3 (Monitoring Station 3)
36.830668,
-96.499461: MS-3

WS-4 (Monitoring Station 4)
36.829906,
-96.500244: MS-4

WS-5 (Monitoring Station 6)
36.827810,
-96.501613: MS-6
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Bird Creek, Osage County, OK Chloride vs Nitrate-N

WS-1 (Monitoring Station 1)
36.832660,
-96.496177: MS-1

WS-2 (Monitoring Station 2)
36.832135,
-96.498664: MS-2

WS-3 (Monitoring Station 3)
36.830668,
-96.499461: MS-3

WS-4 (Monitoring Station 4)
36.829906,
-96.500244: MS-4

WS-5 (Monitoring Station 6)
36.827810,
-96.501613: MS-6
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Bird Creek, Osage County, OK Chloride vs Sodium

WS-1 (Monitoring Station 1)
36.832660,
-96.496177: MS-1

WS-2 (Monitoring Station 2)
36.832135,
-96.498664: MS-2

WS-3 (Monitoring Station 3)
36.830668,
-96.499461: MS-3

WS-4 (Monitoring Station 4)
36.829906,
-96.500244: MS-4

WS-5 (Monitoring Station 6)
36.827810,
-96.501613: MS-6

WS-7 (Replicate 1 of WS-5)
36.827810,
-96.501613: MS-6 replicate

WS-6 (Monitoring Station 7)
36.825031,
-96.499648: MS-7

WS-11 (East Domestic WW)
36.828592,
-96.493931: WW-East
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Bird Creek, Osage County, OK

WS-1 (Monitoring Station 1)
36.832660,
-96.496177: MS-1

R11-20 R21-30 R31-40 R41-50

R51-60 R61-70 R71-80 R81-90 R91-100

9/13/2017 9_E-Carl's Copy of Piper-Stiff-diagrams Bird Creek 06-27-2017 thru 06-29-2017 Plus GH TB 10-05-2016.xlsx Cl-wt plot
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Ground Water Center
EPA R6 WQ-SG

Enforcement Confidential
Bird Creek, Osage County, OK

Bird Creek, Osage County, OK Chloride vs Ammonia-N
Bird Creek, Osage County, OK Chloride vs Sodium
Bird Creek, Osage County, OK Chloride vs Nitrate-N

9/13/2017 9_E-Carl's Copy of Piper-Stiff-diagrams Bird Creek 06-27-2017 thru 06-29-2017 Plus GH TB 10-05-2016.xlsx Cl-wt plot
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mequiv/l
Ca Mg Na K Fe Ba CO3 HCO3 SO4 Cl Cations Anions Error check NH4-N Sr NO3-N NO2-N Fluoride B TKN-N

WS-1 (Monitoring Station 1) 36.832660, -96.496177: MS-1 2.69 1.15 0.78 0.05 0.00 0.00 0.00 3.82 0.62 0.11 4.68 4.56 1.35% y 0.00 0.00 0.00 0.00 0.00 0.02 0.00
WS-2 (Monitoring Station 2) 36.832135, -96.498664: MS-2 2.30 1.32 3.52 0.08 0.00 0.00 0.00 3.16 0.69 3.33 7.21 7.18 0.24% y 0.00 0.00 0.00 0.00 0.00 0.02 0.00
WS-3 (Monitoring Station 3) 36.830668, -96.499461: MS-3 7.88 2.55 22.84 0.08 0.00 0.00 0.00 4.59 0.75 29.02 33.35 34.36 -1.50% y 0.00 0.00 0.00 0.00 0.00 0.03 0.00
WS-4 (Monitoring Station 4) 36.829906, -96.500244: MS-4 27.35 7.65 28.93 0.10 0.00 0.01 0.00 2.82 0.65 60.50 64.03 63.97 0.05% y 0.00 0.00 0.00 0.00 0.00 0.02 0.00
WS-5 (Monitoring Station 6) 36.827810, -96.501613: MS-6 121.81 71.84 631.98 0.97 0.00 0.09 0.00 1.00 0.98 782.44 826.59 784.42 2.62% y 0.00 0.00 0.00 0.00 0.00 0.60 0.00
WS-7 (Replicate 1 of WS-5) 36.827810, -96.501613: MS-6 replicate 120.96 71.59 632.80 0.97 0.00 0.10 0.00 1.00 0.98 782.28 826.32 784.25 2.61% y 0.00 0.00 0.00 0.00 0.00 0.60 0.00
WS-6 (Monitoring Station 7) 36.825031, -96.499648: MS-7 6.54 2.72 17.05 0.08 0.00 0.00 0.00 2.54 0.60 21.58 26.38 24.72 3.25% y 0.00 0.00 0.00 0.00 0.00  0.00
WS-11 (East Domestic WW) 36.828592, -96.493931: WW-East 0.15 0.08 9.96 0.03 0.00 0.00 0.79 5.70 0.42 2.85 10.22 9.76 2.29% y 0.00 0.00 0.00 0.00 0.00 0.03 0.00
WS-14 (Replicate 2 of WS-11) 36.828592,  -96.493931: WW-East replicate 0.15 0.08 10.13 0.03 0.00 0.00 0.80 5.65 0.42 2.76 10.39 9.64 3.77% y 0.00 0.00 0.00 0.00 0.00 0.12 0.00
WS-12 (West Domestic WW) 36.833258, -96.504278: WW-West 1.05 1.89 11.09 0.05 0.00 0.00 0.00 9.67 4.77 0.73 14.08 15.17 -3.72% y 0.00 0.00 0.00 0.00 0.00 0.21 0.00
WS-8 (Jireh TB) 36.846536, -96.506097: Jireh TB 508.68 149.27 2162.09 13.73 0.02 0.51 0.00 1.28 0.79 2863.71 2833.80 2865.78 -0.56% y 0.00 0.00 0.00 0.00 0.00 2.42 0.00
WS-9 (Warren American TB) 36.840077, -96.499939: Warren TB 527.99 151.99 2334.26 14.07 0.02 0.45 0.00 1.20 0.58 3179.56 3028.32 3181.34 -2.46% y 0.00 0.00 0.00 0.00 0.00 2.61 0.00
3 G.horse @ TB NW18-T27N-R8E: Grayhorse 10/5/16 TB 410.98 142.93 1986.75 11.84 0.11 0.00 0.00 1.05 0.21 2549.94 2552.61 2551.20 0.03% y 0.00 0.00 0.00 0.00 0.00 2.25 0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
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: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00

max 527.99 151.99 2334.26 14.07 0.80 9.67 4.77 3179.56 0.00 0.00 0.00 0.00 0.00 2.61
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mequiv/l

WS-1 (Monitoring Station 1) 36.832660, -96.496177: MS-1
WS-2 (Monitoring Station 2) 36.832135, -96.498664: MS-2
WS-3 (Monitoring Station 3) 36.830668, -96.499461: MS-3
WS-4 (Monitoring Station 4) 36.829906, -96.500244: MS-4
WS-5 (Monitoring Station 6) 36.827810, -96.501613: MS-6
WS-7 (Replicate 1 of WS-5) 36.827810, -96.501613: MS-6 replicate
WS-6 (Monitoring Station 7) 36.825031, -96.499648: MS-7
WS-11 (East Domestic WW) 36.828592, -96.493931: WW-East
WS-14 (Replicate 2 of WS-11) 36.828592,  -96.493931: WW-East replicate
WS-12 (West Domestic WW) 36.833258, -96.504278: WW-West
WS-8 (Jireh TB) 36.846536, -96.506097: Jireh TB
WS-9 (Warren American TB) 36.840077, -96.499939: Warren TB
3 G.horse @ TB NW18-T27N-R8E: Grayhorse 10/5/16 TB
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 

Brine Balance
Cation+NH4 Anion+N Error check Cation+B,NH4 Error check K+2Ca+2Mg+H+Na SO4+2CO3+Cl+OH [H+] *1000 meq pH [OH-] *1000 meq

4.68 4.56 1.35% n 4.70 -1.56% n 8.527384281 0.74 5.01187E-06 8.30 0.001995262
7.21 7.18 0.24% n 7.24 -0.41% n 10.82405732 4.02 1.25893E-05 7.90 0.000794328
33.35 34.36 -1.50% n 33.38 1.46% n 43.78326777 29.77 1.99526E-05 7.70 0.000501187
64.03 63.97 0.05% n 64.05 -0.06% n 99.02432692 61.15 2.51189E-05 7.60 0.000398107
826.59 784.42 2.62% n 827.20 -2.65% n 1020.235569 783.42 6.30957E-05 7.20 0.000158489
826.32 784.25 2.61% n 826.92 -2.65% n 1018.871691 783.25 6.30957E-05 7.20 0.000158489
26.38 24.72 3.25% n 26.38 -3.25% n 35.63262553 22.18 0.00001 8.00 0.001
10.22 9.76 2.29% n 10.25 -2.45% n 10.45050514 3.27 1.58489E-06 8.80 0.006309573
10.39 9.64 3.77% n 10.52 -4.36% n 10.62449558 3.18 1.58489E-06 8.80 0.006309573
14.08 15.17 -3.72% n 14.30 2.96% n 17.02408088 5.50 0.00001 8.00 0.001

2833.80 2865.78 -0.56% n 2836.22 0.52% n 3491.731373 2864.50 0.000501187 6.30 1.99526E-05
3028.32 3181.34 -2.46% n 3030.93 2.42% n 3708.281136 3180.14 0.000794328 6.10 1.25893E-05
2552.61 2551.20 0.03% n 2554.86 -0.07% n 3106.418379 2550.15 0.000316228 6.50 3.16228E-05
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max
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mequiv/l

WS-1 (Monitoring Station 1) 36.832660, -96.496177: MS-1
WS-2 (Monitoring Station 2) 36.832135, -96.498664: MS-2
WS-3 (Monitoring Station 3) 36.830668, -96.499461: MS-3
WS-4 (Monitoring Station 4) 36.829906, -96.500244: MS-4
WS-5 (Monitoring Station 6) 36.827810, -96.501613: MS-6
WS-7 (Replicate 1 of WS-5) 36.827810, -96.501613: MS-6 replicate
WS-6 (Monitoring Station 7) 36.825031, -96.499648: MS-7
WS-11 (East Domestic WW) 36.828592, -96.493931: WW-East
WS-14 (Replicate 2 of WS-11) 36.828592,  -96.493931: WW-East replicate
WS-12 (West Domestic WW) 36.833258, -96.504278: WW-West
WS-8 (Jireh TB) 36.846536, -96.506097: Jireh TB
WS-9 (Warren American TB) 36.840077, -96.499939: Warren TB
3 G.horse @ TB NW18-T27N-R8E: Grayhorse 10/5/16 TB
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 

SiO2 Al Co Pb Mn Zn
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.09 0.01
0.00 0.00 0.00 0.00 0.07 0.00
0.00 0.00 0.00 0.00 0.09 0.35
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
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: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 

max

0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
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Bird Creek, Osage County, OK
Piper Diagram
Stiff Diagram

percent (milli-equiv./liter)

Bird Creek, Osage County, OK Piper Diagram
MS-1
MS-2
MS-3
MS-4
MS-6
MS-6 replicate
MS-7
WW-East
WW-East replicate
WW-West
Jireh TB
Warren TB
Grayhorse 10/5/16 TB
Left Plot
0.1
0.2
0.3
0.4
0.5
Right Plot
Rt .1
Rt .2
Rt .3
Rt .4
Rt .5
Center Plot
Ctr .2a
Ctr 80b
Ctr .4a
Ctr 60b
Ctr .6a
Ctr 40b
Ctr .8a
Ctr 20b
center .3a
center 70b
center .1a
center 90b

Ca Cl
Ca

Mg

Mg

Cl

SO4

SO4

HCO3 
+CO3

Ca+MgCl+SO4

Na+K

9/13/2017 9_E-Carl's Copy of Piper-Stiff-diagrams Bird Creek 06-27-2017 thru 06-29-2017 Plus GH TB 10-05-2016.xlsx plots
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Bird Creek, Osage County, OK Stiff Diagram
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MS-7 WW-East WW-East replicate WW-West Jireh TB Warren TB
Grayhorse 10/5/16 TB MS-1 Anions MS-2 Anions MS-3 Anions MS-4 Anions MS-6 Anions
MS-6 replicate Anions MS-7 Anions WW-East Anions WW-East replicate Anions WW-West Anions Jireh TB Anions
Warren TB Anions Grayhorse 10/5/16 TB Anions

Na+K

Ca

Mg

Cl

CO2+HCO3

SO4

CATIONS ANIONS

9/13/2017 9_E-Carl's Copy of Piper-Stiff-diagrams Bird Creek 06-27-2017 thru 06-29-2017 Plus GH TB 10-05-2016.xlsx plots
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Bird Creek, Osage County, OK
Bird Creek, Osage County, OK Piper Diagram
Bird Creek, Osage County, OK Stiff Diagram

9/13/2017 9_E-Carl's Copy of Piper-Stiff-diagrams Bird Creek 06-27-2017 thru 06-29-2017 Plus GH TB 10-05-2016.xlsx plots
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Ground Water Center
EPA R6 WQ-SG
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Bird Creek, Osage County, OK
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Bird Creek, Osage County, OK

MS-1 MS-2 MS-3 MS-4 MS-6 MS-6 replicate MS-7

9/17/20179_E-Carl's Copy of Piper-Stiff-diagrams Bird Creek 06-27-2017 thru 06-29-2017 Plus GH TB 10-05-2016.xlsx Cl-meq plots
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WS-1 (Monitoring Station 1) 36.832660, -96.496177: MS-1WS-2 (Monitoring Station 2) 36.832135, -96.498664: MS-2WS-3 (Monitoring Station 3) 36.830668, -96.499461: MS-3WS-4 (Monitoring Station 4) 36.829906, -96.500244: MS-4WS-5 (Monitoring Station 6) 36.827810, -96.501613: MS-6WS-7 (Replicate 1 of WS-5) 36.827810, -96.501613: MS-6 replicateWS-6 (Monitoring Station 7) 36.825031, -96.499648: MS-7WS-11 (East Domestic WW) 36.828592, -96.493931: WW-EastWS-14 (Replicate 2 of WS-11) 36.828592,  -96.493931: WW-East replicateWS-12 (West Domestic WW) 36.833258, -96.504278: WW-WestWS-8 (Jireh TB) 36.846536, -96.506097: Jireh TBWS-9 (Warren American TB) 36.840077, -96.499939: Warren TB3 G.horse @ TB NW18-T27N-R8E: Grayhorse 10/5/16 TB: : : 
Na+K -8.91% -24.96% -34.35% -22.67% -38.29% -38.35% -32.46% -48.86% -48.88% -39.56% -38.39% -38.77% -39.15%    
Ca -28.78% -15.91% -11.82% -21.35% -7.37% -7.32% -12.39% -0.73% -0.72% -3.72% -8.98% -8.72% -8.05%    
Mg -12.31% -9.13% -3.82% -5.98% -4.35% -4.33% -5.15% -0.40% -0.40% -6.72% -2.63% -2.51% -2.80%    
Cl- 1.24% 23.18% 42.23% 47.29% 49.87% 49.87% 43.64% 14.59% 14.34% 2.42% 49.96% 49.97% 49.98%    
HCO3- 41.91% 22.03% 6.68% 2.20% 0.06% 0.06% 5.14% 33.28% 33.50% 31.87% 0.02% 0.02% 0.02%    
SO4- 6.85% 4.79% 1.09% 0.50% 0.06% 0.06% 1.22% 2.13% 2.16% 15.71% 0.01% 0.01% 0.00%    

short nameMS-1 MS-2 MS-3 MS-4 MS-6 MS-6 replicateMS-7 WW-East WW-East replicate WW-West Jireh TB Warren TB Grayhorse 10/5/16 TB0 0 0
Cations MS-1 CationsMS-2 CationsMS-3 CationsMS-4 CationsMS-6 CationsMS-6 replicate CationsMS-7 CationsWW-East CationsWW-East replicate CationsWW-West CationsJireh TB CationsWarren TB Cations Grayhorse 10/5/16 TB Cations0 Cations 0 Cations 0 Cations
Na+K 1
Ca 0
Mg -1
Anions MS-1 AnionsMS-2 AnionsMS-3 AnionsMS-4 AnionsMS-6 AnionsMS-6 replicate AnionsMS-7 AnionsWW-East AnionsWW-East replicate AnionsWW-West AnionsJireh TB AnionsWarren TB Anions Grayhorse 10/5/16 TB Anions0 Anions 0 Anions 0 Anions
Cl- 1
HCO3- 0
SO4- -1
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fraction Left Plot Upper Plot: Cations & Anions = 200% Right Plot Left Plot Upper Plot: Cations & Anions = 200% Right Plot
Ca Mg Na+K Na+K Ca+Mg SO4+Cl CO3+HCO3 CO3+HCO3 Cl SO4 Ca Mg Na,K,NH4 Na,K,NH4 Ca+Mg SO4,Cl,NO3 CO3+HCO3 CO3+HCO3 Cl SO4+NO3-N

WS-1 (Monitoring Station 1) 36.832660, -96.496177: MS-10.576 0.246 0.178 0.178 0.822 0.162 0.838 0.838 0.025 0.137 0.576 0.246 0.178 0.178 0.822 0.162 0.838 0.838 0.025 0.137
WS-2 (Monitoring Station 2) 36.832135, -96.498664: MS-20.318 0.183 0.499 0.499 0.501 0.559 0.441 0.441 0.464 0.096 0.318 0.183 0.499 0.499 0.501 0.559 0.441 0.441 0.464 0.096
WS-3 (Monitoring Station 3) 36.830668, -96.499461: MS-30.236 0.076 0.687 0.687 0.313 0.866 0.134 0.134 0.845 0.022 0.236 0.076 0.687 0.687 0.313 0.866 0.134 0.134 0.845 0.022
WS-4 (Monitoring Station 4) 36.829906, -96.500244: MS-40.427 0.120 0.453 0.453 0.547 0.956 0.044 0.044 0.946 0.010 0.427 0.120 0.453 0.453 0.547 0.956 0.044 0.044 0.946 0.010
WS-5 (Monitoring Station 6) 36.827810, -96.501613: MS-60.147 0.087 0.766 0.766 0.234 0.999 0.001 0.001 0.997 0.001 0.147 0.087 0.766 0.766 0.234 0.999 0.001 0.001 0.997 0.001
WS-7 (Replicate 1 of WS-5) 36.827810, -96.501613: MS-6 replicate0.146 0.087 0.767 0.767 0.233 0.999 0.001 0.001 0.997 0.001 0.146 0.087 0.767 0.767 0.233 0.999 0.001 0.001 0.997 0.001
WS-6 (Monitoring Station 7) 36.825031, -96.499648: MS-70.248 0.103 0.649 0.649 0.351 0.897 0.103 0.103 0.873 0.024 0.248 0.103 0.649 0.649 0.351 0.897 0.103 0.103 0.873 0.024
WS-11 (East Domestic WW) 36.828592, -96.493931: WW-East0.015 0.008 0.977 0.977 0.023 0.334 0.666 0.666 0.292 0.043 0.015 0.008 0.977 0.977 0.023 0.334 0.666 0.666 0.292 0.043
WS-14 (Replicate 2 of WS-11) 36.828592,  -96.493931: WW-East replicate0.014 0.008 0.978 0.978 0.022 0.330 0.670 0.670 0.287 0.043 0.014 0.008 0.978 0.978 0.022 0.330 0.670 0.670 0.287 0.043
WS-12 (West Domestic WW) 36.833258, -96.504278: WW-West0.074 0.134 0.791 0.791 0.209 0.363 0.637 0.637 0.048 0.314 0.074 0.134 0.791 0.791 0.209 0.363 0.637 0.637 0.048 0.314
WS-8 (Jireh TB) 36.846536, -96.506097: Jireh TB0.180 0.053 0.768 0.768 0.232 1.000 0.000 0.000 0.999 0.000 0.180 0.053 0.768 0.768 0.232 1.000 0.000 0.000 0.999 0.000
WS-9 (Warren American TB) 36.840077, -96.499939: Warren TB0.174 0.050 0.775 0.775 0.225 1.000 0.000 0.000 0.999 0.000 0.174 0.050 0.775 0.775 0.225 1.000 0.000 0.000 0.999 0.000
3 G.horse @ TB NW18-T27N-R8E: Grayhorse 10/5/16 TB0.161 0.056 0.783 0.783 0.217 1.000 0.000 0.000 1.000 0.000 0.161 0.056 0.783 0.783 0.217 1.000 0.000 0.000 1.000 0.000
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x,y
(1-Ca) Left Plot Right Plot Center Plot (1-Ca)  alt Left Plot alt Right Plot alt Center Plot short name

WS-1 (Monitoring Station 1) 36.832660, -96.496177: MS-1 0.424 0.401 0.313 1.393 0.219 0.870 1.125 0.424 0.401 0.313 1.393 0.219 0.870 1.125 MS-1
WS-2 (Monitoring Station 2) 36.832135, -96.498664: MS-2 0.682 0.691 0.258 1.812 0.183 1.229 1.191 0.682 0.691 0.258 1.812 0.183 1.229 1.191 MS-2
WS-3 (Monitoring Station 3) 36.830668, -96.499461: MS-3 0.764 0.825 0.166 2.156 0.119 1.477 1.295 0.764 0.825 0.166 2.156 0.119 1.477 1.295 MS-3
WS-4 (Monitoring Station 4) 36.829906, -96.500244: MS-4 0.573 0.613 0.204 2.251 0.109 1.405 1.574 0.573 0.613 0.204 2.251 0.109 1.405 1.574 MS-4
WS-5 (Monitoring Station 6) 36.827810, -96.501613: MS-6 0.853 0.909 0.175 2.298 0.101 1.582 1.341 0.853 0.909 0.175 2.298 0.101 1.582 1.341 MS-6
WS-7 (Replicate 1 of WS-5) 36.827810, -96.501613: MS-6 replicate 0.854 0.910 0.175 2.298 0.101 1.583 1.340 0.854 0.910 0.175 2.298 0.101 1.583 1.340 MS-6 replicate
WS-6 (Monitoring Station 7) 36.825031, -96.499648: MS-7 0.752 0.801 0.189 2.185 0.121 1.473 1.354 0.752 0.801 0.189 2.185 0.121 1.473 1.354 MS-7
WS-11 (East Domestic WW) 36.828592, -96.493931: WW-East 0.985 1.081 0.107 1.613 0.137 1.356 0.583 0.985 1.081 0.107 1.613 0.137 1.356 0.583 WW-East
WS-14 (Replicate 2 of WS-11) 36.828592,  -96.493931: WW-East replicate 0.986 1.082 0.107 1.608 0.137 1.354 0.578 0.986 1.082 0.107 1.608 0.137 1.354 0.578 WW-East replicate
WS-12 (West Domestic WW) 36.833258, -96.504278: WW-West 0.926 0.958 0.216 1.505 0.372 1.277 0.768 0.926 0.958 0.216 1.505 0.372 1.277 0.768 WW-West
WS-8 (Jireh TB) 36.846536, -96.506097: Jireh TB 0.820 0.894 0.146 2.299 0.100 1.584 1.340 0.820 0.894 0.146 2.299 0.100 1.584 1.340 Jireh TB
WS-9 (Warren American TB) 36.840077, -96.499939: Warren TB 0.826 0.901 0.143 2.300 0.100 1.588 1.333 0.826 0.901 0.143 2.300 0.100 1.588 1.333 Warren TB
3 G.horse @ TB NW18-T27N-R8E: Grayhorse 10/5/16 TB 0.839       0.839 0.911 0.148 2.300 0.100 1.591 1.327 Grayhorse 10/5/16 TB
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short name

MS-6 replicate

WW-East replicate

Warren TB
Grayhorse 10/5/16 TB
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Aluminium Ammonium Boron Barium Berylium Calcium Cesium Copper Copper Copper Iron Lead Lithium Magnesium Manganese Mercury Nickel Potassium Rubidium Silver Sodium
Cations Al NH4 B Ba Be Ca Cs Cu(1) Cu(2) Cu(3) Fe Pb Li Mg Mn Hg Ni K Rb Ag Na
MW 26.9815 18.0383 10.81 137.34 9.012 40.08 132.91 63.546 63.546 63.546 55.847 207.2 6.941 24.305 54.938 200.59 58.71 39.0983 85.47 107.868 22.98977
v 3 1 3 2 2 2 1 1 2 3 2 2 1 2 2 2 2 1 1 1 1
mg/mequiv 8.9938 18.0383 3.60333333 68.67 4.506 20.04 132.91 63.546 31.773 21.182 27.9235 103.6 6.941 12.1525 27.469 100.3 29.355 39.0983 85.47 107.868 22.98977

Acetate Arsenate Bromide Carbonate Chloride Chromate Cyanide Dichromate Fluoride Hydroxide Iodide Nitrate Oxalate Permanganate Phosphate Silicate Sulfate Sulfide Sulfite Thiocyanate Thiosulfate
Anions CH3CO2 AsO4 Br CO3 Cl CrO4 CN Cr2O7 F OH I NO3 C2O4 MnO4 PO4 SiO3 SO4 S SO3 SCN S2O3
MW 59.0445 138.9192 79.909 60.0092 35.453 115.9936 26.0177 215.9878 18.9984 33.0679 126.9044 62.0049 88.0196 118.9356 94.9716 76.084 96.0576 32.06 80.0582 58.0777 112.1182
v -1 -3 -1 -2 -1 -2 -1 -2 -1 -1 -1 -1 -2 -1 -3 -2 -2 -2 -2 -1 -2
mg/mequiv 59.0445 46.3064 79.909 30.0046 35.453 57.9968 26.0177 107.9939 18.9984 33.0679 126.9044 62.0049 44.0098 118.9356 31.6572 38.042 48.0288 16.03 40.0291 58.0777 56.0591

CaCO3 CO2  Bicarbonate
MW 100.0892 44.0098 cos(60) sin(60) tan(60) HCO3 H2S HPO4 SiO2
v 2 0.5 0.866025 1.732051 61.0171 34.0758 95.9726 60.084
mg/mequiv 50.0446 -1 2 sign? -2 1

61.0171 17.0379 47.9863 60.084
C H N O S Si As Cr Co

MW 12.011 1.0079 14.0067 15.9994 32.06 28.0855 74.9216 51.996 58.933
+3

19.6443
NO3-N NO2-N NH4-N NO2

MW 46.0055
v 1
mg/mequiv use N value 46.0055

MCL mg/l 10 45
0.713944 0.725749

Hardness
cations Ca Mg Sr Fe Mn

20.04 12.1525 43.81 27.9235 27.469
assoc anions HCO3 SO4 Cl NO3 SiO3

61.0171 48.0288 35.453 62.0049 38.04185

Total Alkalinity CO3 HCO3 OH pH
30.0046 61.0171 33.0679 pH >9.0 MOA 4.5
PPA > 
MOA/2

PPA > 
MOA/2 PPA 8.3

PPA = 
MOA

PPA < 
MOA/2

PPA < 
MOA/2
PPA = 0

PPA = MOA pH >9.0
pH < 8.3
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Cations
MW
v
mg/mequiv

Anions
MW
v
mg/mequiv

MW
v
mg/mequiv

MW

MW
v
mg/mequiv

MCL mg/l

Hardness
cations

assoc anions

Total Alkalinity

Strontium Tin Zinc
Sr Sn Zn

87.62 118.69 65.37
2 2 2

43.81 59.345 32.685
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fraction 0 Left Plot 0 0 Right Plot 0
0 %Ca %Mg %Na+K %CO3+HCO3 %Cl %SO4 Ca Mg Na+K CO3+HCO3Cl SO4 sum

WS-1 (Monitoring Station 1) 36.832660, -96.496177: MS-1 -28.78% -12.31% -8.91% 41.91% 1.24% 6.85% 0.57568 0.24612 0.1782 0.838138 0.024764 0.137098 2
WS-2 (Monitoring Station 2) 36.832135, -96.498664: MS-2 -15.91% -9.13% -24.96% 22.03% 23.18% 4.79% 0.318227 0.182529 0.499095 0.440629 0.463656 0.095715 1.999851
WS-3 (Monitoring Station 3) 36.830668, -96.499461: MS-3 -11.82% -3.82% -34.35% 6.68% 42.23% 1.09% 0.236422 0.076494 0.687084 0.133542 0.844645 0.021813 2
WS-4 (Monitoring Station 4) 36.829906, -96.500244: MS-4 -21.35% -5.98% -22.67% 2.20% 47.29% 0.50% 0.427095 0.119525 0.45338 0.044068 0.945842 0.01009 2
WS-5 (Monitoring Station 6) 36.827810, -96.501613: MS-6 -7.37% -4.35% -38.29% 0.06% 49.87% 0.06% 0.14736 0.086907 0.765732 0.001274 0.997478 0.001248 1.999999
WS-7 (Replicate 1 of WS-5) 36.827810, -96.501613: MS-6 replicate -7.32% -4.33% -38.35% 0.06% 49.87% 0.06% 0.146381 0.086637 0.766981 0.001275 0.997477 0.001248 1.999999
WS-6 (Monitoring Station 7) 36.825031, -96.499648: MS-7 -12.39% -5.15% -32.46% 5.14% 43.64% 1.22% 0.247797 0.102937 0.649267 0.102754 0.872822 0.024424 2
WS-11 (East Domestic WW) 36.828592, -96.493931: WW-East -0.73% -0.40% -48.86% 33.28% 14.59% 2.13% 0.01465 0.008053 0.977297 0.665506 0.291836 0.042658 2
WS-14 (Replicate 2 of WS-11) 36.828592,  -96.493931: WW-East replicate -0.72% -0.40% -48.88% 33.50% 14.34% 2.16% 0.014405 0.007918 0.977677 0.66999 0.286805 0.043206 2
WS-12 (West Domestic WW) 36.833258, -96.504278: WW-West -3.72% -6.72% -39.56% 31.87% 2.42% 15.71% 0.074406 0.134385 0.791209 0.637372 0.048341 0.314287 2
WS-8 (Jireh TB) 36.846536, -96.506097: Jireh TB -8.98% -2.63% -38.39% 0.02% 49.96% 0.01% 0.179506 0.052675 0.767813 0.000446 0.999278 0.000276 1.999993
WS-9 (Warren American TB) 36.840077, -96.499939: Warren TB -8.72% -2.51% -38.77% 0.02% 49.97% 0.01% 0.174352 0.050188 0.775455 0.000376 0.999441 0.000183 1.999995
3 G.horse @ TB NW18-T27N-R8E: Grayhorse 10/5/16 TB -8.05% -2.80% -39.15% 0.02% 49.98% 0.00% 0.161003 0.055995 0.782961 0.000411 0.999507 8.16E-05 1.999958
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Bird Creek, Osage County, OK Multiply values by 1
Location FieldID SAMPLE 

DATE
insp_NO Ca 

(mg/l)
Mg 

(mg/l)
Na 

(mg/l)
K 

(mg/l)
Fe 
(mg/l)

Ba 
(mg/l)

Carb 
(ppm)

Bi-carb 
(ppm)

Sulfates 
(mg/l)

Cl 
(mg/l)

NITRATE-
N (MG/L)

NITRITE-
N (mg/l)

AMMONIUM-
N (MG/L)

P-total 
(mg/l)

TDS PH SG Sr 
(mg/l)

F 
(mg/l)

alkali
nity

CO2 N2O Cu 
(mg/l)

PPA 
(mg/l 

CaCO3)

MOA 
(mg/l 

CaCO3)

B (mg/l)

2 Jireh @ 18W

SW 1-T27N-R7E

Jireh TB 

10/5/16

05-Oct-16
9627 1770 49111 531 10.41

104
41 99594 160779 6.3

85 0.1
8.54

3 G.horse @ TB

NW18-T27N-R8E

Grayhors

e TB 

10/5/16

05-Oct-16

8236 1737 45675 463 2.96

64

10 90403 146588 6.5

52 0.1

8.11

WS-8 (Jireh TB)

36.846536,

-96.506097

Jireh TB 

6/28/17

28-Jun-17

10194 1814 49706 537 0.56 34.8 0

78

38 101527 163893 6.3

64 0.07

8.73
WS-9 (Warren 

American TB)

36.840077,

-96.499939

Warren 

TB 

6/29/17

29-Jun-17

10581 1847 53664 550 0.44 30.7 0

73

28 112725 179468 6.1

60 0.08

9.41

1B (South of Rd)

SE 12-T27N-R7E

~MS-2 

10/5/16

05-Oct-16
4751 1365 20812 58 0.1

61
49 40699 67795 6.9

50 0.1
1.47

1C (South of Rd)

SE 12-T27NR-7E

~MS-2 

replicate 

10/5/16

05-Oct-16

4749 1432 20810 62 0.1

64

51 42655 69822 6.9

52 0.1

1.59

WS-2 (Monitoring 

Station 2)

36.832135,

-96.498664

MS-2 

6/27/17

27-Jun-17

46 16 81 3 0.03 0.0938 0

193

33 118 519.4 7.9

158

0.09

WS-5 (Monitoring 

Station 6)

36.827810,

-96.501613

MS-6 

6/28/17

28-Jun-17

2441 873 14529 38 0.02 6.04 0

61

47 27740 45738 7.2

50 0.04

2.18
WS-7 (Replicate 1 

of WS-5)

36.827810,

-96.501613

MS-6 

replicate 

6/28/17

28-Jun-17

2424 870 14548 38 0.02 6.87 0

61

47 27734 46134 7.2

50 0.04

2.16
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Bird Creek, Osage County, OK
Location FieldID SAMPLE 

DATE

2 Jireh @ 18W

SW 1-T27N-R7E

Jireh TB 

10/5/16

05-Oct-16

3 G.horse @ TB

NW18-T27N-R8E

Grayhors

e TB 

10/5/16

05-Oct-16

WS-8 (Jireh TB)

36.846536,

-96.506097

Jireh TB 

6/28/17

28-Jun-17

WS-9 (Warren 

American TB)

36.840077,

-96.499939

Warren 

TB 

6/29/17

29-Jun-17

1B (South of Rd)

SE 12-T27N-R7E

~MS-2 

10/5/16

05-Oct-16

1C (South of Rd)

SE 12-T27NR-7E

~MS-2 

replicate 

10/5/16

05-Oct-16

WS-2 (Monitoring 

Station 2)

36.832135,

-96.498664

MS-2 

6/27/17

27-Jun-17

WS-5 (Monitoring 

Station 6)

36.827810,

-96.501613

MS-6 

6/28/17

28-Jun-17

WS-7 (Replicate 1 

of WS-5)

36.827810,

-96.501613

MS-6 

replicate 

6/28/17

28-Jun-17

TKN SiO2 
(mg/L)

Al 
(mg/l)

Co 
(mg/l)

Pb 
(mg/l)

Mn 
(mg/l)

Zn 
(mg/l)

Temp 
( C)

Temp ( F)

2.49 0.85

2.4 11.34

2.46 0.19

1.93 0.13

0.02 0.01

0.01

0 0

0 0.04

0 0.04
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mg/l as CaCO3
Sample_Name Ca Mg Na K Fe Ba CO3 HCO3 SO4 Cl NO3-N NO2-N NH4-N P Cations Anions Si alkalinity meq
2 Jireh @ 18W SW 1-T27N-R7E: Jireh TB 10/5/16 9627 1770 49111 531 10.41 0 0.00 104 41 99594 0.00 0.00 0.00 0.00 61039.0 99739.0 10.0 85 1.702
3 G.horse @ TB NW18-T27N-R8E: Grayhorse TB 10/5/16 8236 1737 45675 463 2.96 0 0.00 64 10 90403 0.00 0.00 0.00 0.00 56111.0 90477.0 10.0 52 1.04
WS-8 (Jireh TB) 36.846536, -96.506097: Jireh TB 6/28/17 10194 1814 49706 537 0.56 34.8 0.00 78 38 101527 0.00 0.00 0.00 0.00 62251.0 101643.0 10.0 64 1.272
WS-9 (Warren American TB) 36.840077, -96.499939: Warren TB 6/29/17 10581 1847 53664 550 0.44 30.7 0.00 73 28 112725 0.00 0.00 0.00 0.00 66642.0 112826.0 10.0 60 1.192
1B (South of Rd) SE 12-T27N-R7E: ~MS-2 10/5/16 4751 1365 20812 58 0.1 0 0.00 61 49 40699 0.00 0.00 0.00 0.00 26986.0 40809.0 10.0 50 1
1C (South of Rd) SE 12-T27NR-7E: ~MS-2 replicate 10/5/16 4749 1432 20810 62 0.1 0 0.00 64 51 42655 0.00 0.00 0.00 0.00 27053.0 42770.0 10.0 52 1.042
WS-2 (Monitoring Station 2) 36.832135, -96.498664: MS-2 6/27/17 46 16 81 3 0.03 0.0938 0.00 193 33 118 0.00 0.00 0.00 0.00 146.0 344.0 10.0 158 3.16
WS-5 (Monitoring Station 6) 36.827810, -96.501613: MS-6 6/28/17 2441 873 14529 38 0.02 6.04 0.00 61 47 27740 0.00 0.00 0.00 0.00 17881.0 27848.0 10.0 50 0.994
WS-7 (Replicate 1 of WS-5) 36.827810, -96.501613: MS-6 replicate 6/28/17 2424 870 14548 38 0.02 6.87 0.00 61 47 27734 0.00 0.00 0.00 0.00 17880.0 27842.0 10.0 50 1.006
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
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: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    
: 0 0 0 0 0 0 0.00 0 0 0 0.00 0.00 0.00 0.00 0.0 0.0    

maximum 10581 1847 53664 550 0 193 51 112725 0 0 0 0
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mg/l
Sample_Name
2 Jireh @ 18W SW 1-T27N-R7E: Jireh TB 10/5/16
3 G.horse @ TB NW18-T27N-R8E: Grayhorse TB 10/5/16
WS-8 (Jireh TB) 36.846536, -96.506097: Jireh TB 6/28/17
WS-9 (Warren American TB) 36.840077, -96.499939: Warren TB 6/29/17
1B (South of Rd) SE 12-T27N-R7E: ~MS-2 10/5/16
1C (South of Rd) SE 12-T27NR-7E: ~MS-2 replicate 10/5/16
WS-2 (Monitoring Station 2) 36.832135, -96.498664: MS-2 6/27/17
WS-5 (Monitoring Station 6) 36.827810, -96.501613: MS-6 6/28/17
WS-7 (Replicate 1 of WS-5) 36.827810, -96.501613: MS-6 replicate 6/28/17
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 

OH est actual
pH mg/l HCO3 CO3 est TDS TDS Strontium Fluoride B (mg/l) TKN SiO2 Al Co

6.30 0.001 103.9 51.1 160,839 160,779 0 0 8.54 0.00 0.00 0.00 0.00
6.50 0.001 63.5 31.2 146,629 146,588 0 0 8.11 0.00 0.00 0.00 0.00
6.30 0.001 77.6 38.2 163,942 163,893 0 0 8.73 0.00 0.00 0.00 0.00
6.10 0.000 72.7 35.8 179,514 179,468 0 0 9.41 0.00 0.00 0.00 0.00
6.90 0.003 61.0 30.0 67,835 67,795 0 0 1.47 0.00 0.00 0.00 0.00
6.90 0.003 63.6 31.3 69,864 69,822 0 0 1.59 0.00 0.00 0.00 0.00
7.90 0.026 192.8 94.8 595 519 0 0 0.09 0.00 0.00 0.00 0.00
7.20 0.005 60.7 29.8 45,769 45,738 0 0 0.09 0.00 0.00 0.00 0.00
7.20 0.005 61.4 30.2 45,762 46,134 0 0 2.16 0.00 0.00 0.00 0.00

     0 0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
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: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 

maximum

     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
     0 0 0.00 0.00 0.00 0.00 0.00
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mg/l
Sample_Name
2 Jireh @ 18W SW 1-T27N-R7E: Jireh TB 10/5/16
3 G.horse @ TB NW18-T27N-R8E: Grayhorse TB 10/5/16
WS-8 (Jireh TB) 36.846536, -96.506097: Jireh TB 6/28/17
WS-9 (Warren American TB) 36.840077, -96.499939: Warren TB 6/29/17
1B (South of Rd) SE 12-T27N-R7E: ~MS-2 10/5/16
1C (South of Rd) SE 12-T27NR-7E: ~MS-2 replicate 10/5/16
WS-2 (Monitoring Station 2) 36.832135, -96.498664: MS-2 6/27/17
WS-5 (Monitoring Station 6) 36.827810, -96.501613: MS-6 6/28/17
WS-7 (Replicate 1 of WS-5) 36.827810, -96.501613: MS-6 replicate 6/28/17
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 

Pb Mn Zn
0.00 2.49 0.85
0.00 2.40 11.34
0.00 2.46 0.19
0.00 1.93 0.13
0.00 0.02 0.01
0.00 0.00 0.01
0.00 0.00 0.00
0.00 0.00 0.04
0.00 0.00 0.04
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
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: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
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: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 
: 

maximum

0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
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Ground Water Center
EPA R6 WQ-SG

Enforcement Confidential
Bird Creek, Osage County, OK

k Chloride
n Ammonia-NBird Creek, Osage County, OK Chloride vs Ammonia-N
d Sodium Bird Creek, Osage County, OK Chloride vs Sodium
l Nitrate-N Bird Creek, Osage County, OK Chloride vs Nitrate-N
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Bird Creek, Osage County, OK Chloride vs Ammonia-N

2 Jireh @ 18W
SW 1-T27N-R7E: Jireh TB 10/5/16

3 G.horse @ TB
NW18-T27N-R8E: Grayhorse TB 10/5/16

WS-8 (Jireh TB)
36.846536,
-96.506097: Jireh TB 6/28/17

WS-9 (Warren American TB)
36.840077,
-96.499939: Warren TB 6/29/17

1B (South of Rd)
SE 12-T27N-R7E: ~MS-2 10/5/16
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Bird Creek, Osage County, OK Chloride vs Nitrate-N

2 Jireh @ 18W
SW 1-T27N-R7E: Jireh TB 10/5/16

3 G.horse @ TB
NW18-T27N-R8E: Grayhorse TB 10/5/16

WS-8 (Jireh TB)
36.846536,
-96.506097: Jireh TB 6/28/17

WS-9 (Warren American TB)
36.840077,
-96.499939: Warren TB 6/29/17

1B (South of Rd)
SE 12-T27N-R7E: ~MS-2 10/5/16

R51-60
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Bird Creek, Osage County, OK Chloride vs Sodium

2 Jireh @ 18W
SW 1-T27N-R7E: Jireh TB 10/5/16

3 G.horse @ TB
NW18-T27N-R8E: Grayhorse TB 10/5/16

WS-8 (Jireh TB)
36.846536,
-96.506097: Jireh TB 6/28/17

WS-9 (Warren American TB)
36.840077,
-96.499939: Warren TB 6/29/17

1B (South of Rd)
SE 12-T27N-R7E: ~MS-2 10/5/16

1C (South of Rd)
SE 12-T27NR-7E: ~MS-2 replicate 10/5/16

WS-2 (Monitoring Station 2)
36.832135,
-96.498664: MS-2 6/27/17

WS-5 (Monitoring Station 6)
36.827810,
-96.501613: MS-6 6/28/17
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Bird Creek, Osage County, OK

2 Jireh @ 18W
SW 1-T27N-R7E: Jireh TB 10/5/16

R11-20 R21-30 R31-40

R41-50 R51-60 R61-70 R71-80

R81-90 R91-100 R101-110 R111-120

9/13/2017 9_F-Copy of Piper-Stiff-diagrams Bird Creek Tank Batteries Pr 2_ 6.08.02.2017.xlsx Cl-wt plot
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Ground Water Center
EPA R6 WQ-SG

Enforcement Confidential
Bird Creek, Osage County, OK

Bird Creek, Osage County, OK Chloride vs Ammonia-N
Bird Creek, Osage County, OK Chloride vs Sodium
Bird Creek, Osage County, OK Chloride vs Nitrate-N

9/13/2017 9_F-Copy of Piper-Stiff-diagrams Bird Creek Tank Batteries Pr 2_ 6.08.02.2017.xlsx Cl-wt plot

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    469 of 516



mequiv/l
Ca Mg Na K Fe Ba CO3 HCO3 SO4 Cl Cations Anions Error check NH4-N Sr NO3-N NO2-N Fluoride B TKN-N

2 Jireh @ 18W SW 1-T27N-R7E: Jireh TB 10/5/16 480.39 145.65 2136.21 13.58 0.37 0.00 0.00 1.70 0.85 2809.18 2776.20 2811.74 -0.64% y 0.00 0.00 0.00 0.00 0.00 2.37 0.00
3 G.horse @ TB NW18-T27N-R8E: Grayhorse TB 10/5/16 410.98 142.93 1986.75 11.84 0.11 0.00 0.00 1.05 0.21 2549.94 2552.61 2551.20 0.03% y 0.00 0.00 0.00 0.00 0.00 2.25 0.00
WS-8 (Jireh TB) 36.846536, -96.506097: Jireh TB 6/28/17 508.68 149.27 2162.09 13.73 0.02 0.51 0.00 1.28 0.79 2863.71 2833.80 2865.78 -0.56% y 0.00 0.00 0.00 0.00 0.00 2.42 0.00
WS-9 (Warren American TB) 36.840077, -96.499939: Warren TB 6/29/17 527.99 151.99 2334.26 14.07 0.02 0.45 0.00 1.20 0.58 3179.56 3028.32 3181.34 -2.46% y 0.00 0.00 0.00 0.00 0.00 2.61 0.00
1B (South of Rd) SE 12-T27N-R7E: ~MS-2 10/5/16 237.08 112.32 905.27 1.48 0.00 0.00 0.00 1.00 1.02 1147.97 1256.16 1149.99 4.41% y 0.00 0.00 0.00 0.00 0.00 0.41 0.00
1C (South of Rd) SE 12-T27NR-7E: ~MS-2 replicate 10/5/16 236.98 117.84 905.19 1.59 0.00 0.00 0.00 1.05 1.06 1203.14 1261.59 1205.25 2.28% y 0.00 0.00 0.00 0.00 0.00 0.44 0.00
WS-2 (Monitoring Station 2) 36.832135, -96.498664: MS-2 6/27/17 2.30 1.32 3.52 0.08 0.00 0.00 0.00 3.16 0.69 3.33 7.21 7.18 0.24% y 0.00 0.00 0.00 0.00 0.00  0.00
WS-5 (Monitoring Station 6) 36.827810, -96.501613: MS-6 6/28/17 121.81 71.84 631.98 0.97 0.00 0.09 0.00 1.00 0.98 782.44 826.59 784.42 2.62% y 0.00 0.00 0.00 0.00 0.00 0.02 0.00
WS-7 (Replicate 1 of WS-5) 36.827810, -96.501613: MS-6 replicate 6/28/17 120.96 71.59 632.80 0.97 0.00 0.10 0.00 1.00 0.98 782.28 826.32 784.25 2.61% y 0.00 0.00 0.00 0.00 0.00 0.60 0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
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: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00
: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     0.00 0.00 0.00 0.00 0.00  0.00

max 527.99 151.99 2334.26 14.07 0.00 3.16 1.06 3179.56 0.00 0.00 0.00 0.00 0.00 2.61
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Brine Balance
Cation+NH4 Anion+N Error check Cation+B,NH4 Error check K+2Ca+2Mg+H+Na SO4+2CO3+Cl+OH [H+] *1000 meq pH [OH-] *1000 meq SiO2 Al Co Pb Mn
2776.20 2811.74 -0.64% n 2778.57 0.59% n 3401.868702 2810.04 0.000501187 6.30 1.99526E-05 0.00 0.00 0.00 0.00 0.09
2552.61 2551.20 0.03% n 2554.86 -0.07% n 3106.418379 2550.15 0.000316228 6.50 3.16228E-05 0.00 0.00 0.00 0.00 0.09
2833.80 2865.78 -0.56% n 2836.22 0.52% n 3491.731373 2864.50 0.000501187 6.30 1.99526E-05 0.00 0.00 0.00 0.00 0.09
3028.32 3181.34 -2.46% n 3030.93 2.42% n 3708.281136 3180.14 0.000794328 6.10 1.25893E-05 0.00 0.00 0.00 0.00 0.07
1256.16 1149.99 4.41% n 1256.57 -4.43% n 1605.552486 1148.99 0.000125893 6.90 7.94328E-05 0.00 0.00 0.00 0.00 0.00
1261.59 1205.25 2.28% n 1262.03 -2.30% n 1616.394734 1204.20 0.000125893 6.90 7.94328E-05 0.00 0.00 0.00 0.00 0.00

7.21 7.18 0.24% n 7.21 -0.24% n 10.82405732 4.02 1.25893E-05 7.90 0.000794328 0.00 0.00 0.00 0.00 0.00
826.59 784.42 2.62% n 826.62 -2.62% n 1020.235569 783.42 6.30957E-05 7.20 0.000158489 0.00 0.00 0.00 0.00 0.00
826.32 784.25 2.61% n 826.92 -2.65% n 1018.871691 783.25 6.30957E-05 7.20 0.000158489 0.00 0.00 0.00 0.00 0.00
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Bird Creek, Osage County, OK
Piper Diagram
Stiff Diagram

percent (milli-equiv./liter)

Bird Creek, Osage County, OK Piper Diagram
Jireh TB 10/5/16
Grayhorse TB 10/5/16
Jireh TB 6/28/17
Warren TB 6/29/17
~MS-2 10/5/16
~MS-2 replicate 10/5/16
MS-2 6/27/17
MS-6 6/28/17
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Ca Cl
Ca

Mg

Mg

Cl

SO4

SO4

HCO3 
+CO3

Ca+MgCl+SO4

Na+K

9/13/2017 9_F-Copy of Piper-Stiff-diagrams Bird Creek Tank Batteries Pr 2_ 6.08.02.2017.xlsx plots
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Bird Creek, Osage County, OK Stiff Diagram

Jireh TB 10/5/16 Grayhorse TB 10/5/16 Jireh TB 6/28/17 Warren TB 6/29/17 ~MS-2 10/5/16
~MS-2 replicate 10/5/16 MS-2 6/27/17 MS-6 6/28/17 MS-6 replicate 6/28/17 Jireh TB 10/5/16 Anions
Grayhorse TB 10/5/16 Anions Jireh TB 6/28/17 Anions Warren TB 6/29/17 Anions ~MS-2 10/5/16 Anions ~MS-2 replicate 10/5/16 Anions
MS-2 6/27/17 Anions MS-6 6/28/17 Anions MS-6 replicate 6/28/17 Anions
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9/13/2017 9_F-Copy of Piper-Stiff-diagrams Bird Creek Tank Batteries Pr 2_ 6.08.02.2017.xlsx plots
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Bird Creek, Osage County, OK
Bird Creek, Osage County, OK Piper Diagram
Bird Creek, Osage County, OK Stiff Diagram
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Ground Water Center
EPA R6 WQ-SG

Enforcement Confidential
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2 Jireh @ 18W SW 1-T27N-R7E: Jireh TB 10/5/163 G.horse @ TB NW18-T27N-R8E: Grayhorse TB 10/5/16WS-8 (Jireh TB) 36.846536, -96.506097: Jireh TB 6/28/17WS-9 (Warren American TB) 36.840077, -96.499939: Warren TB 6/29/171B (South of Rd) SE 12-T27N-R7E: ~MS-2 10/5/161C (South of Rd) SE 12-T27NR-7E: ~MS-2 replicate 10/5/16WS-2 (Monitoring Station 2) 36.832135, -96.498664: MS-2 6/27/17WS-5 (Monitoring Station 6) 36.827810, -96.501613: MS-6 6/28/17WS-7 (Replicate 1 of WS-5) 36.827810, -96.501613: MS-6 replicate 6/28/17: : : : : : : 
Na+K -38.72% -39.15% -38.39% -38.77% -36.09% -35.94% -24.96% -38.29% -38.35%        
Ca -8.65% -8.05% -8.98% -8.72% -9.44% -9.39% -15.91% -7.37% -7.32%        
Mg -2.62% -2.80% -2.63% -2.51% -4.47% -4.67% -9.13% -4.35% -4.33%        
Cl- 49.96% 49.98% 49.96% 49.97% 49.91% 49.91% 23.18% 49.87% 49.87%        
HCO3- 0.03% 0.02% 0.02% 0.02% 0.04% 0.04% 22.03% 0.06% 0.06%        
SO4- 0.02% 0.00% 0.01% 0.01% 0.04% 0.04% 4.79% 0.06% 0.06%        

short nameJireh TB 10/5/16Grayhorse TB 10/5/16Jireh TB 6/28/17Warren TB 6/29/17~MS-2 10/5/16~MS-2 replicate 10/5/16MS-2 6/27/17MS-6 6/28/17MS-6 replicate 6/28/17 0 0 0 0 0 0 0
Cations Jireh TB 10/5/16 CationsGrayhorse TB 10/5/16 CationsJireh TB 6/28/17 CationsWarren TB 6/29/17 Cations~MS-2 10/5/16 Cations~MS-2 replicate 10/5/16 CationsMS-2 6/27/17 CationsMS-6 6/28/17 CationsMS-6 replicate 6/28/17 Cations0 Cations 0 Cations 0 Cations 0 Cations 0 Cations 0 Cations 0 Cations
Na+K 1
Ca 0
Mg -1
Anions Jireh TB 10/5/16 AnionsGrayhorse TB 10/5/16 AnionsJireh TB 6/28/17 AnionsWarren TB 6/29/17 Anions~MS-2 10/5/16 Anions~MS-2 replicate 10/5/16 AnionsMS-2 6/27/17 AnionsMS-6 6/28/17 AnionsMS-6 replicate 6/28/17 Anions0 Anions 0 Anions 0 Anions 0 Anions 0 Anions 0 Anions 0 Anions
Cl- 1
HCO3- 0
SO4- -1
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fraction Left Plot Upper Plot: Cations & Anions = 200% Right Plot Left Plot Upper Plot: Cations & Anions = 200% Right Plot
Ca Mg Na+K Na+K Ca+Mg SO4+Cl CO3+HCO3 CO3+HCO3 Cl SO4 Ca Mg Na,K,NH4 Na,K,NH4 Ca+Mg SO4,Cl,NO3 CO3+HCO3 CO3+HCO3 Cl SO4+NO3-N

2 Jireh @ 18W SW 1-T27N-R7E: Jireh TB 10/5/160.173 0.052 0.774 0.774 0.226 0.999 0.001 0.001 0.999 0.000 0.173 0.052 0.774 0.774 0.226 0.999 0.001 0.001 0.999 0.000
3 G.horse @ TB NW18-T27N-R8E: Grayhorse TB 10/5/160.161 0.056 0.783 0.783 0.217 1.000 0.000 0.000 1.000 0.000 0.161 0.056 0.783 0.783 0.217 1.000 0.000 0.000 1.000 0.000
WS-8 (Jireh TB) 36.846536, -96.506097: Jireh TB 6/28/170.180 0.053 0.768 0.768 0.232 1.000 0.000 0.000 0.999 0.000 0.180 0.053 0.768 0.768 0.232 1.000 0.000 0.000 0.999 0.000
WS-9 (Warren American TB) 36.840077, -96.499939: Warren TB 6/29/170.174 0.050 0.775 0.775 0.225 1.000 0.000 0.000 0.999 0.000 0.174 0.050 0.775 0.775 0.225 1.000 0.000 0.000 0.999 0.000
1B (South of Rd) SE 12-T27N-R7E: ~MS-2 10/5/160.189 0.089 0.722 0.722 0.278 0.999 0.001 0.001 0.998 0.001 0.189 0.089 0.722 0.722 0.278 0.999 0.001 0.001 0.998 0.001
1C (South of Rd) SE 12-T27NR-7E: ~MS-2 replicate 10/5/160.188 0.093 0.719 0.719 0.281 0.999 0.001 0.001 0.998 0.001 0.188 0.093 0.719 0.719 0.281 0.999 0.001 0.001 0.998 0.001
WS-2 (Monitoring Station 2) 36.832135, -96.498664: MS-2 6/27/170.318 0.183 0.499 0.499 0.501 0.559 0.441 0.441 0.464 0.096 0.318 0.183 0.499 0.499 0.501 0.559 0.441 0.441 0.464 0.096
WS-5 (Monitoring Station 6) 36.827810, -96.501613: MS-6 6/28/170.147 0.087 0.766 0.766 0.234 0.999 0.001 0.001 0.997 0.001 0.147 0.087 0.766 0.766 0.234 0.999 0.001 0.001 0.997 0.001
WS-7 (Replicate 1 of WS-5) 36.827810, -96.501613: MS-6 replicate 6/28/170.146 0.087 0.767 0.767 0.233 0.999 0.001 0.001 0.997 0.001 0.146 0.087 0.767 0.767 0.233 0.999 0.001 0.001 0.997 0.001
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
:                     
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:                     
:                     
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:                     
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x,y
(1-Ca) Left Plot Right Plot Center Plot (1-Ca)  alt Left Plot alt Right Plot alt Center Plot short name

2 Jireh @ 18W SW 1-T27N-R7E: Jireh TB 10/5/16 0.827 0.901 0.145 2.299 0.100 1.587 1.334 0.827 0.901 0.145 2.299 0.100 1.587 1.334 Jireh TB 10/5/16
3 G.horse @ TB NW18-T27N-R8E: Grayhorse TB 10/5/16 0.839 0.911 0.148 2.300 0.100 1.591 1.327 0.839 0.911 0.148 2.300 0.100 1.591 1.327 Grayhorse TB 10/5/16
WS-8 (Jireh TB) 36.846536, -96.506097: Jireh TB 6/28/17 0.820 0.894 0.146 2.299 0.100 1.584 1.340 0.820 0.894 0.146 2.299 0.100 1.584 1.340 Jireh TB 6/28/17
WS-9 (Warren American TB) 36.840077, -96.499939: Warren TB 6/29/17 0.826 0.901 0.143 2.300 0.100 1.588 1.333 0.826 0.901 0.143 2.300 0.100 1.588 1.333 Warren TB 6/29/17
1B (South of Rd) SE 12-T27N-R7E: ~MS-2 10/5/16 0.811 0.867 0.177 2.299 0.101 1.560 1.379 0.811 0.867 0.177 2.299 0.101 1.560 1.379 ~MS-2 10/5/16
1C (South of Rd) SE 12-T27NR-7E: ~MS-2 replicate 10/5/16 0.812 0.865 0.181 2.299 0.101 1.559 1.382 0.812 0.865 0.181 2.299 0.101 1.559 1.382 ~MS-2 replicate 10/5/16
WS-2 (Monitoring Station 2) 36.832135, -96.498664: MS-2 6/27/17 0.682 0.691 0.258 1.812 0.183 1.229 1.191 0.682 0.691 0.258 1.812 0.183 1.229 1.191 MS-2 6/27/17
WS-5 (Monitoring Station 6) 36.827810, -96.501613: MS-6 6/28/17 0.853 0.909 0.175 2.298 0.101 1.582 1.341 0.853 0.909 0.175 2.298 0.101 1.582 1.341 MS-6 6/28/17
WS-7 (Replicate 1 of WS-5) 36.827810, -96.501613: MS-6 replicate 6/28/17 0.854 0.910 0.175 2.298 0.101 1.583 1.340 0.854 0.910 0.175 2.298 0.101 1.583 1.340 MS-6 replicate 6/28/17
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Aluminium Ammonium Boron Barium Berylium Calcium Cesium Copper Copper Copper Iron Lead Lithium Magnesium Manganese Mercury Nickel Potassium Rubidium Silver Sodium
Cations Al NH4 B Ba Be Ca Cs Cu(1) Cu(2) Cu(3) Fe Pb Li Mg Mn Hg Ni K Rb Ag Na
MW 26.9815 18.0383 10.81 137.34 9.012 40.08 132.91 63.546 63.546 63.546 55.847 207.2 6.941 24.305 54.938 200.59 58.71 39.0983 85.47 107.868 22.98977
v 3 1 3 2 2 2 1 1 2 3 2 2 1 2 2 2 2 1 1 1 1
mg/mequiv 8.9938 18.0383 3.60333333 68.67 4.506 20.04 132.91 63.546 31.773 21.182 27.9235 103.6 6.941 12.1525 27.469 100.3 29.355 39.0983 85.47 107.868 22.98977

Acetate Arsenate Bromide Carbonate Chloride Chromate Cyanide Dichromate Fluoride Hydroxide Iodide Nitrate Oxalate Permanganate Phosphate Silicate Sulfate Sulfide Sulfite Thiocyanate Thiosulfate
Anions CH3CO2 AsO4 Br CO3 Cl CrO4 CN Cr2O7 F OH I NO3 C2O4 MnO4 PO4 SiO3 SO4 S SO3 SCN S2O3
MW 59.0445 138.9192 79.909 60.0092 35.453 115.9936 26.0177 215.9878 18.9984 33.0679 126.9044 62.0049 88.0196 118.9356 94.9716 76.084 96.0576 32.06 80.0582 58.0777 112.1182
v -1 -3 -1 -2 -1 -2 -1 -2 -1 -1 -1 -1 -2 -1 -3 -2 -2 -2 -2 -1 -2
mg/mequiv 59.0445 46.3064 79.909 30.0046 35.453 57.9968 26.0177 107.9939 18.9984 33.0679 126.9044 62.0049 44.0098 118.9356 31.6572 38.042 48.0288 16.03 40.0291 58.0777 56.0591

CaCO3 CO2  Bicarbonate
MW 100.0892 44.0098 cos(60) sin(60) tan(60) HCO3 H2S HPO4 SiO2
v 2 0.5 0.866025 1.732051 61.0171 34.0758 95.9726 60.084
mg/mequiv 50.0446 -1 2 sign? -2 1

61.0171 17.0379 47.9863 60.084
C H N O S Si As Cr Co

MW 12.011 1.0079 14.0067 15.9994 32.06 28.0855 74.9216 51.996 58.933
+3

19.6443
NO3-N NO2-N NH4-N NO2

MW 46.0055
v 1
mg/mequiv use N value 46.0055

MCL mg/l 10 45
0.713944 0.725749

Hardness
cations Ca Mg Sr Fe Mn

20.04 12.1525 43.81 27.9235 27.469
assoc anions HCO3 SO4 Cl NO3 SiO3

61.0171 48.0288 35.453 62.0049 38.04185

Total Alkalinity CO3 HCO3 OH pH
30.0046 61.0171 33.0679 pH >9.0 MOA 4.5
PPA > 
MOA/2

PPA > 
MOA/2 PPA 8.3

PPA = 
MOA

PPA < 
MOA/2

PPA < 
MOA/2
PPA = 0

PPA = MOA pH >9.0
pH < 8.3
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Cations
MW
v
mg/mequiv

Anions
MW
v
mg/mequiv

MW
v
mg/mequiv

MW

MW
v
mg/mequiv

MCL mg/l

Hardness
cations

assoc anions

Total Alkalinity

Strontium Tin Zinc
Sr Sn Zn

87.62 118.69 65.37
2 2 2

43.81 59.345 32.685

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    485 of 516



fraction 0 Left Plot 0 0 Right Plot 0
0 %Ca %Mg %Na+K %CO3+HCO3 %Cl %SO4 Ca Mg Na+K CO3+HCO3Cl SO4 sum

2 Jireh @ 18W SW 1-T27N-R7E: Jireh TB 10/5/16 -8.65% -2.62% -38.72% 0.03% 49.96% 0.02% 0.173038 0.052463 0.774364 0.000606 0.99909 0.000304 1.999866
3 G.horse @ TB NW18-T27N-R8E: Grayhorse TB 10/5/16 -8.05% -2.80% -39.15% 0.02% 49.98% 0.00% 0.161003 0.055995 0.782961 0.000411 0.999507 8.16E-05 1.999958
WS-8 (Jireh TB) 36.846536, -96.506097: Jireh TB 6/28/17 -8.98% -2.63% -38.39% 0.02% 49.96% 0.01% 0.179506 0.052675 0.767813 0.000446 0.999278 0.000276 1.999993
WS-9 (Warren American TB) 36.840077, -96.499939: Warren TB 6/29/17 -8.72% -2.51% -38.77% 0.02% 49.97% 0.01% 0.174352 0.050188 0.775455 0.000376 0.999441 0.000183 1.999995
1B (South of Rd) SE 12-T27N-R7E: ~MS-2 10/5/16 -9.44% -4.47% -36.09% 0.04% 49.91% 0.04% 0.188731 0.089418 0.721849 0.000869 0.998244 0.000887 1.999997
1C (South of Rd) SE 12-T27NR-7E: ~MS-2 replicate 10/5/16 -9.39% -4.67% -35.94% 0.04% 49.91% 0.04% 0.18784 0.093403 0.718755 0.00087 0.998249 0.000881 1.999997
WS-2 (Monitoring Station 2) 36.832135, -96.498664: MS-2 6/27/17 -15.91% -9.13% -24.96% 22.03% 23.18% 4.79% 0.318227 0.182529 0.499095 0.440629 0.463656 0.095715 1.999851
WS-5 (Monitoring Station 6) 36.827810, -96.501613: MS-6 6/28/17 -7.37% -4.35% -38.29% 0.06% 49.87% 0.06% 0.14736 0.086907 0.765732 0.001274 0.997478 0.001248 1.999999
WS-7 (Replicate 1 of WS-5) 36.827810, -96.501613: MS-6 replicate 6/28/17 -7.32% -4.33% -38.35% 0.06% 49.87% 0.06% 0.146381 0.086637 0.766981 0.001275 0.997477 0.001248 1.999999
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Initial Meeting 
with

Jireh Resources, LLC
and

Warren American Oil Company
August 15, 2017

For Settlement Purposes
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Purpose of today’s meeting

• EPA will present technical data and discuss concerns
• Engage in dialogue about next steps
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BACKGROUND

• BIA reported high salinity, oil sheen and bubbles in the creek to EPA 
mid‐August 2016

• EPA Osage staff confirmed impacts
• R6 EN staff onsite in August 2016 and found:

• High Total Dissolved Solids (TDS) and elevated temperature

3
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EPA INVESTIGATION ACTIVITIES

• Looked at wells proximity to elevated TDS levels within tributary – 2 mile 
radius

• Multiple stream surveys conducted since August 2016 within the area of 
concern.   

• In‐stream monitoring network at 10 locations
• 8 locations have both shallow and deep probes

• Surface water grab sampling conducted in October 2016 and June 2017
• Sampling taken at the bottom of the stream channel
• Cation/anion analysis conducted

• 6 nearest injection wells had mechanical integrity test (MIT) May 2017 (7th
had already lost mechanical integrity)

5
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EPA INVESTIGATION ACTIVITIES
(Cont.)

• Coordinated shut‐in test of 5 of the 7 nearby injection wells (two shut 
in for MIT failures) to measure static fluid levels in the Mississippi 
Chat in June 2017

• Soil electrical resistivity survey conducted September 2016
• Reviewed BIA monitoring data at Monitor Station 2
• Additional lab analysis being conducted of the samples collected at 
the end of June 2017

6
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Surface Water Quality at MS2
• TDS initially over 80,000 ppm in August 2016
• After Jireh’s MI repair in Sept 2016

• Injection volumes increased
• TDS in‐stream began dropping
• At 15,800 ppm TDS on May 9, 2017 

• After Novy/Grayhorse shut in on May 9, 2017
• On May 18, 2017, TDS in‐stream dropped to 4,900 ppm 

• TDS is now below 1,000 ppm

8
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Jireh Resources
Disposal Well OS6320 (18W)
• Lost mechanical integrity before August – September 2016
• Closest well to original location (MS2)
• Repaired/resumed injection early September
• High volume (up to 80K bbls/month)
• High pressure 220 psi

9
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KEY FINDINGS
• High TDS waters in the stream are a match for the 
waters being produced from, and injected into, the 
Mississippian formation

• The high TDS waters are persistent (rebuilding in 
concentration after rain events) and hot temperatures

• Injection well cyclical variations

13
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KEY FINDINGS (cont.)
• Coordinated shut‐in test showed static fluid levels in 
the Mississippian Chat cannot flow fluids to the 
surface without additional pressure buildup provided 
by injection operations

• Static fluid levels in 4 of the 7 injection wells are 
above the base of the USDW

• Grab samples along tributary and North Bird Creek, 
Jireh well 18W, Grayhorse/Novy tank battery and 
Warren tank battery.  Cation/anion analyses show 
correlation.

14
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Next steps

• Immediately shut‐in and disconnect injection piping from the 
wellheads until it can be proven that injected fluids are being 
confined to the authorized injection zone.  

• All activities must be coordinated with EPA.

• You may ask for a hearing on the Proposed Order.  You and the public 
will be able to present evidence at this hearing.

• The proposed order becomes final unless it is appealed.
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Initial Meeting 
with

Novy/Grayhorse
August 29, 2017

For Settlement Purposes
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Purpose of today’s meeting

• EPA will present technical data and discuss concerns
• Engage in dialogue about next steps
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BACKGROUND

• BIA reported high salinity, oil sheen and bubbles in the creek to EPA 
mid‐August 2016

• EPA Osage staff confirmed impacts
• R6 EN staff onsite in August 2016 and found:

• High Total Dissolved Solids (TDS) and elevated temperature

3
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EPA INVESTIGATION ACTIVITIES

• Looked at wells proximity to elevated TDS levels within tributary – 2 mile 
radius

• Multiple stream surveys conducted since August 2016 within the area of 
concern.   

• In‐stream monitoring network at 10 locations
• 8 locations have both shallow and deep probes

• Surface water grab sampling conducted in October 2016 and June 2017
• Sampling taken at the bottom of the stream channel
• Cation/anion analysis conducted

• 6 nearest injection wells had mechanical integrity test (MIT) May 2017 (7th
had already lost mechanical integrity)

5
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EPA INVESTIGATION ACTIVITIES
(Cont.)

• Coordinated shut‐in test of 5 of the 7 nearby injection wells (two shut 
in for MIT failures) to measure static fluid levels in the Mississippi 
Chat in June 2017

• Soil electrical resistivity survey conducted September 2016
• Reviewed BIA monitoring data at Monitor Station 2
• Additional lab analysis being conducted of the samples collected at 
the end of June 2017

6

September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    507 of 516



September 18, 2017 Bird Creek - Osage County, Oklahoma 2-Lab, Dia & Meeting    508 of 516



Surface Water Quality at MS2
• TDS initially over 80,000 ppm in August 2016
• After Jireh’s MI repair in Sept 2016

• Injection volumes increased
• TDS in‐stream began dropping
• At 15,800 ppm TDS on May 9, 2017 

• After Novy/Grayhorse shut in on May 9, 2017
• On May 18, 2017, TDS in‐stream dropped to 4,900 ppm 

• TDS is now below 1,000 ppm

8
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Novy Oil and Gas/Grayhorse Operating 
Disposal Well OS5258
• Failed MIT May 4, 2017
• Authorization to Inject terminated May 24th

• Third closest well to original location (MS2)
• High volume (up to 102K bbls/month)
• Low pressure (0 psi)
• Extreme corrosion of the tubing
• Operator preparing P&A plan

9
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KEY FINDINGS
• High TDS waters in the stream are a match for the 
waters being produced from, and injected into, the 
Mississippian formation

• The high TDS waters are persistent (rebuilding in 
concentration after rain events) and hot temperatures

• Injection well cyclical variations

13
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KEY FINDINGS (cont.)
• Coordinated shut‐in test showed static fluid levels in 
the Mississippian Chat cannot flow fluids to the 
surface without additional pressure buildup provided 
by injection operations

• Static fluid levels in 4 of the 7 injection wells are 
above the base of the USDW

• Grab samples along tributary and North Bird Creek, 
Jireh well 18W, Grayhorse/Novy tank battery and 
Warren tank battery.  Cation/anion analyses show 
correlation.
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Next steps

• Immediately shut‐in and disconnect injection piping from the 
wellheads until it can be proven that injected fluids are being 
confined to the authorized injection zone.  

• All activities must be coordinated with EPA.

• You may ask for a hearing on the Proposed Order.  You and the public 
will be able to present evidence at this hearing.

• The proposed order becomes final unless it is appealed.
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